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MUTATIONS IN AGRICULTURAL PLANTS 

BY AKE (WSTAFSEON 

MUTATION LAIiOllATOIlY OF THE SWEDISH SEED ASSOCIATION, SVALOF, SWEDEN 


INTRODUCTION. 

I "" UK pioneer work oi* Stabler on induced mutations is fundamental 
also to plant-breeding. Yet Stabler takes up an almost negative 
position in regard to their practical value. »But rare favourable mut- 
atiou is likely to be accompanied by unfavourable mutations induced 
by the same treatment (1930, p. 18) , . . The result is a plant hetero- 
zygous for several genes, mostly unde.sirable.» (Even so late as 1943 
a similar conception, though not so pronounced a one, was advanced 
t)y Burgeef.) vStadler continues: »There is little chanoe of producing 
(‘xperimeu tally variations which have not already occurred in nature ». 
He is however more optimistic as regards the breeding of fruit trees. 
'Idiese are vegetutively propagated; by means of induced mutations a 
new variation is directly created and gamete forniation and fertilization 
are avoided. 

American workers do not seem to have arrived at any positive 
results or conclusions, at least so far as agricultural plants are con- 
cerned (Lindstrom, 1933; Mag Arthur, 1934; Genter and Brown, 
1941). Goodspeed and co-workers (1929, 1934, etc.), who induced and 
analysed numerous chromosome abnormalities in Nicotiaim, have not 
eonliniK'd their investigations in this field. 

Several Russian investigators have been considerably more positive 
in their attitude, first and foremost Delaunay and Sapehin, who in a 
series ()1‘ papers described vital mutants in wlieat, several of which 
possess practical inUu'est. Tlie former pulillshed in 1934 a synoptical 
work which, according to a review in Resiimptio Genelica, 10, p. 164, 
stresses the value of induced mutants for plant-breeding. Yield tests 
do not seem to have lieen carried out. In any case no crop figures 
liave been published. 

German research-workers began their experiments with induced 
mutations at an early time. To begin with, however, their works were 
more of a theoretical character. First in the years 1942 and 1943 
Freisleben and Lein described extensive model experiments in barley. 
After X-ray radiation and mass infection they even succeeded in pro- 
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ducing a mildew-i'esistant line. Much eai'lier, Sengbtjsgh and Hack- 
BARTH had shown that spontaneous mutants can successfully change a 
species and thereby improve its agricultural value (in their case sAveet 
lupine). 

The German works on induced vital mutants were first undertaken 
on a large scale after a lecture held by Nilsson-Ehle in the year 1939 
in Halle on polymeric factors in barley. Unfortunately, this lecture 
was only published in the form of a short notice. As early as the 
mid-thirties he produced vital mutants (p. 16), at least one of which 
was found to be equal to the mother-line in yield. Crosses with the 
vei’y straw-stiff malt-baidey line Ivenia have given, according to a 
personal communication, products with still higher straw-strength and, 
simultaneously, very good productivity. 

The experiments which underlie the present work, and which have 
further shown the practical value of the induced mutants, were com- 
menced early (1929 — 30) and have been promoted in various ways by 
Nilsson-Ehle. Since January, 1940, the cost of all the work on in- 
duced mulations has been defrayed from funds donated by A.B. Salt- 
sjoqvarii, Stockholm, and A. B. Marten Pehrsons Valsqvarn, Kristian- 
stad, through the medium of the Head of the Swedish Seed Association, 
Professor A. Akerman. This has rendered it possible to extend the 
experiments considerably. The practical work is being conducted 
in the different departments of the Swedish Seed Association. Mutants 
in barley, wheat, oats and flax appear to be especially promising from 
a practical point of view. But also in soybeans, sweet lupine and olei- 
ferous species of the Camciferae mutants of interest have been observed. 
Here as elsewhere results are obtained first after lengthy and extensive 
experiments. 

Certain analyses for this work have been carried out by Statens 
C^eiitrala Frbkontrollanstalt (the State Seed Testing Station) (Professor 
G. Nilsson-Leissner) as well as by A.B. Slockholms Bryggerier 
IH. THUNa£U3, Engineer). The heads of the branch stations of the 
Seed Association have carried out special yield trials. 

Of recent years the irradiation experiments have been conducted 
by the Radiophysics Institute, Stockholm (Director: Professor R. 
Sievert), under the supervision of Dr. A. Forssberg. 

In the account of the work submitted here theoretical and practical 
results have been interwoven. In spite of its sfee this paper gives merely 
a survey of the results rather than an exhaustive account. The physical 
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and mathematic problems, related to X-ray irradiation, are discussed 
in the work of Lea (1946), to which the reader is referred. 

I. EFFECT OF X-RAY RADIATION IN THE 
GENERATION* 

According to the definition applied in this paper plants raised from 
X-rayed seeds form an Xi generation. The Xi plants are often hetero- 
zygous for induced genome changes of various kinds. After self-fertili- 
zation they give rise to an X 2 generation. In this or in later generations 
(Xg, X 4 ) mutants segregate out. Mutations can also be induced by 
irradiation of pollen-grains and egg-cells. This method is more circum- 
stantial and is not particularly suitable for practical purposes. 

1. COURSE OF MITOSIS IN IRRADIATED SEEDS. 

X-rayed dry seeds germinate even when they have received very 
high X-ray doses. In Avena, for instance, the radicle and the rootlets 
take up water, pierce the coleorhiza and after 75.000 r still show nuclear 
divisions, although these run an extremely irregular course. However 
much the interphase chromosomes of the resting seeds may have been 
affected or fragmented, the cells can nevertheless begin their prophase 
complete metaphase and anapliase and enter telophase and interphas( 
stages. After that, however, the most damaged cell-nuclei degenerate 
or become inactivated, so that after a few mitotic cycles the division 
have an almost normal appearance. Interphase chromosomes ma; 
thus be broken into pieces without this influencing the immediat 
capacity for division to any notable extent. 

IiTacliiitioii of resting seeds causes solely the so-called secondary effect, i. 
the chromosomes are Iragmented and translocated (or inverted) in the numeroi 
breaks that have arisen. Irradiation of nuclear divisions while in progress, on tl 
other hand, is followed by the primary effect with its irregular fragmentation at 
agglutination of chromosomes (ustickincsss ), the mitose-free intermediate pern 
when division ceases, and the secondary effect, which is observed in those ce 
which were in intevphase stage on being rayed. The intenser the irradiation h 
been, the longer will the mitose-free period be. As dry seeds contain only resti 
nuclei, it is evident that they can show nothing but the secondary effect. From I 
works recently published by Euler, Hevesy and their associates (1944, 1945) 
know that the mitose-free period occurs because desoxyribose nucleotides are i 
formed. A certain quantity of nucleotides must be present for mitoses to start, 

Gustafsson (1937), Gelin (1941) as well as Froier, Gelin a 
Gustafsson (1941) have reported results concerning the frequency 
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disturbances in irradiated seeds. Gelin observed in Golden barley 
(Gullkorn), treated with 10.000 r~iinits, 13 % and 28 % disturbed ana- 
phases at the first division of the cells, the lower frequency in seeds 
having a water content of 10 % , the higher in seeds with a water content 
of 15 Froier, Gelin and Gustafsson found that an identical dosage 
was followed by fewer disturbances in diploid species than in tetra- 
ploids, and fewer in the latter than in hexaploids, and that the number 
of disturbances induced by low doses is proportional to the number of 
genomes (cf. also Smith, 1943). A dosage of 5.000 r gave 11 % disturbed 
cells in Triticum mono coc cum (2n=14), on an average 22 % hi 
T, durum and dicocciim (2n = 28), and 29 % in T. vulgare (2ii = 42). 
Reduced to the diploid level (2n = 14) the figures will he ll,o — ll,i — 
9,s The immediate frequency of disturbances is already rather high 
at this dose. At 25.000 r it amounted to 99 % in T. durum, 96 % in 
T, vulgare and 96 % in Avena saliva. Thus, after this X-ray dose 
practically all observed cell divisions were badly damaged. 

If the seeds have been steeped in water before irradiation, or their 
water content is raised in some other way, the mitotic disturbances also 
increase in number. This also takes place if the seeds are drenched 
with metallic salts or pretreated with various cell-poisons. In a certain 
experimental series with Golden barley Gelin (1941) obtained dis- 
turbance frequencies of 13, 28, 54 and 51 % respectively in seeds con- 
taining 10 % H 2 O, 15 9o FLO, or that had been steeped in water or 
heteroauxiii for 24 hours. Pretreatment of this kind also raises the 
mutation frequency. 

The extent to which the external environmental conditions can 
influence the disturbance effect has been clarified by Gelin in a series 
of practically important but as yet unpublished investigations. Among 
other things he has shown that chromosome disturbances increase 
substantially in number if the temperature falls towards zero at 
germination, but that they decrease if the temperature is raised. The 
same result has been obtained by Sax (1939) after irradiation of pollen- 
grains of Tradescantia. 

2. SEEDLING LETHALITY, SPROUTING ABILITY AND STERILITY. 

For all mutation work it is of importance to fix suitable irradiation 
doses. The X-ray effect can be determined either by means of laboratory 
tests of germination and sprouting ability, the dose being settled that 
reduces the sprouting ability of the Xi plants to a suitable degree, or by 
field experiments in which the number of plants harvested after differ- 
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ent X-ray doses is calculated. These two testing methods do not give 
the same result because field material is always exposed to considerably 
harder conditions. Only field tests give a fully reliable verdict. For 
preliminary investigations or for work of a special nature laboratory 
tests will suffice. 

Different kinds of plants react very dissimilarly to X-radiation 
(Gustafsson, 1944). Especially insensitive are the seeds of the Cruci- 
ferae, which in certain cases (white mustard and swedes) stand doses 
of wellnigh 100.000 r and even more. On the other hand, the seeds 
of the pea plants are very sensitive, their maximum dose being only 
10.000 — 20. 000 r. The same applies to the seeds of hemp, sunflowers 
and safflowers, which cannot endure 10.000 r. For practical work we 
have tried to fix what may be called the »critical dose», i. e. the dose 
that while still producing a sufficiently large field material induces a 
maximum of mutations and chromosome re-arrangements. The » critical 
dose» falls with increasing water content of the seeds. 

Types of plants having seeds that can stand high X-ray irradiation 
are also rich in fatty acids (oil). Naturally this does not mean that 
the oil content alone determines the difference in susceptibility. Rather 
is this a phenomenon that depends partly on the family to which the 
plant belongs, partly on the general chemical properties of the seeds, 
including the oil content and water content. 

For the common cereals wheat, oats, barley and rye an X.-ray 
dose of 10.000 — 20.000 r is the most suitable. The effect varies how- 
ever considerably in different years. For winter wheat and winter ryd 
this is quite natural, as the injured seedlings have to bear the cold of 
winter. In spring barley, spring wheat and oats the result also varies? 
with the nature of the soil and the climatic conditions during the; 
period of vegetation. ^ 

A special method, particularly applicable to species with ray- 
resistant seeds, consists in having the irradiated seeds stored for one 
or more years before they are sown. This procedure has been tried 
with advantage in white mustard, swedes and rape. The long storage 
has the result that the X-ray effect is substantially intensified. 

In proportion as the X-raying increases in intensity various in- 
hibitions of development make their appearance. These manifest them- 
selves in such manner that the sprouting capacity falls, the first leaves 
become yellow and shrivelled, often the sprout does not pierce the sur- 
face of the soil, or, if this is the case, it dies at an early stage, etc. (The 
yellowing of the leaves does not solely depend upon the genomatic dis- 
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turbances but is also connected wHli the inactivation or destruction of 
the plastids, see e.g., Hruby, 1935.) The plants that survive develop 
more or less sterile inflorescenses and fruits depending on the quantity 
of irradiation, and are now and then abnormal in other respects 
(ramified, stunted, lacking chlorophyll). Photographs illustrating the 
X-ray effects can be found in Fbeisleben and Lein (1943) and 
Gustafsson (1944). 

The relation between the fertility of the Xi plants and the X-ray 
dose given has been determined in two extensive series of two-rowed 


TABLE 1. X-raij dosage and Xi fertility. 



M a j a b 

a r 1 e y 


Ymer 

barley, line 40/13 b^ 

Per cent 

harvest- 

ed 

plants 

Average 

fertility 

f/o 

Per cent 
normally 
fertile 
plants 

N 

Per cent 

harvest- 

ed 

plants 

Average 

fertility 

fi/ 

Per cent 
normally 
fertile 
plants 

N 

Control 

75 

97,1 

98 

90 

? 

96,1 

100 

25 

500 r 


— 



51 

94,2 

92 

50 

1.000 r.. 

— 

— 

— 

__ 

61 

92,8 

80 

50 

2.500 r 

64 

89,5 

63 

557 

57 

91,8 

74 

50 

5.000 r 

32 

77, G 

30 

277 

42 

82,0 ' 

36 

50 

7.500 r 

— 



— 

44 

75,2 

22 

50 

10.000 r 

16 

75,4 

14 

142 

41 

75,6 

12 

203 

15.000 r 

13 

73,8 

10 

91 

39 

68,7 

10 

196 

20.000 /■ 

ID 

74,1 

9 

140 

37 

61,0 

2 

185 

25.000 r 

8 

66,5 

4 

119 

37 

58,8 .. 

1 

374 


barley. One was Maja barley (Gcstafsson, 1942) with six doses from 
2,500 — 25.000 r, the other was a sister strain to Ymer barley (40/13 bj) 
with nine doses from 500 — 25.000 r. In both these series the fertility 
was examined ear for ear and plant for plant by counting the numli(!r 
of ripe grains and the number of empty florets. Certainly this method 
is rather tedious, but it is the only fully reliable one. As Table 1 sliows, 
when given low doses the two series agree so far as the average fertility 
and the number of fully fertile plants (90—100 %) are concerned. 
Under the highest doses Ymer Lt has a lower average fertility 
and a lower number of fully fertile plants. On the other hand, the 
number of harvested plants is considerably higher in Ymer br barley 
than in Maja. No doubt this partly stands in connexion with the 
different environmental conditions of 1940 and 1943, though different 
seed properties also exercise some influence. 
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Freisleben and Lein (1. c.) emphasize the great difference between their Xi 
results and those submitted by GUSTAFSSON (1942). However, the differences in 
fertility are not very conspicuous, especially if their figures are corrected for the 
overlow fertility in the control line (87 % as against actually 95 — 98 %). The 
number of harvested plants, however, is considerably lower in their experiments. 

A point of methodological interest is that the number of spikelets 
(florets) changes with the X-ray dose. The sterility is annually 
determined in the Xj plants of two-row barley as exactly as is ever 
possible. These determinations give simultaneous data as to the number 
of ears per plant and the number of spikelets per ear. A survey is 
given below showing that the control material of the year 1940 con- 
tained on an average 23,98 spikelets per spike. Following a 2.500 r 
dose the number fell considerably (the difference amounts to 2,io 
spikelets) in order later on to rise gradually to 27,32 and 27,07 spikelets 
per ear. The differences from the controls are statistically significant 
in the case of all doses except 5.000 r. 

Difference from 


controls 

Control 23,98 ± 0,29 spikelets — — 

2.500 r 21,88 ±0,29 » 2,10 ± 0,41 5,12 

5.000 r 23,73 ± 0,25 » 0,25 ± 0,38 0,66 

10.000 r 24,93 ±0,29 » 0,95 ± 0,41 . 2,32 

15.000 r 26,17 ± 0,37 » 2,19 ± 0,47 4,66 

20.000 r 27,32 ±0,23 ^> 3,34 ± 0,37 9,03 

25.000 r 27,07 ±0,32 » 3,09 ± 0,43 7,19 


(Maja barley X-rayed 1940; see also Gustafsson, 1942 a, Table 1.) 

The cause of these differences is no doubt simply as follows, 
Froier and Gustafsson (1944) have shown that the larger the X- 
rayed seeds are, the more will they endure irradiation; germinability 
and sprouting ability are better. In an ordinary sample of seeds that 
have not been sieved hard the smaller seeds will be the more damaged. 
After low doses, however, they are able to go on living, their Xi plants 
put forth ears and set seed but, owing to their general weakness, give 
fewer^ spikelets than normally. Under high doses the X-rayed sprouts 
are killed early, and only the Xi plants that have arisen from vigorous 
seeds remain alive. Their vitality enables them to develop abundant 
spikelets. Among other signs indicating that an enormous selection 
takes place is the fact that after treatment with 25.000 r only 8 % of all 
rayed seeds gave mature X^ plants. The corresponding figure for the 
control was 75 %. An ordinary unsieved lot of seeds wilTshow con- 
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siderable differences in size. As a consequence a strong selection should 
set in according to the X-ray susceptibility of the seeds. 

In their just cited experiments Fbeisleben and' Lein have not evaluated llie 
fertility in the Xi generation by sufficiently exact methods. Instead of the direct 
steriUty ear for ear, they determined the average number of grains per plant. Ttiis 
is a faulty method which may lead to errors. If for .some reason the Xi fertility 
is to be analysed in order to correlate it witli the type or frequency of mutation, 
the more roundabout method is the only correct one. 


a. SEED PROPERTIES AND THEIR INFLUENCE ON THE X-RAY 
SUSCEPTIBILITY. 

Water content. — Since Stadler’s investigations (1928 b) it has 
been known that the mutation frequency rises considerably if the seeds 
are soaked in water before being irradiated. This fact has since been 
demonstrated by several investigators^ e. g. Gustafsson (1940). The 
increased susceptibility has been clarified by Wertz (1940) in a careful 
methodological investigation. Kaplan (1940) has studied the X-ray 
injuries that follow water treatment and irradiation of Antirrhinum 
pollen by determining the different germinability of the grains. (See 
also Knapp and Kaplan, 1942.) 

In mutation experiments the seeds that have been soaked in water 
before irradiation show an inferior sprouting ability, a higher number 
of dead seedlings and a higher Xj sterility than seeds irradiated when 
their water content is low. Two Sval5f experiments have made this 
clear. One was a comparison between series of Golden barley in which 
the seeds contained 10 % of HoO, were soaked in distilled water for 
24 hours, and treated with 0,oi % heteroauxin for the same period of 
time. The dose of irradiation amounted to 5.000 and 10,000 r 
(Gustafsson, 1940). Series of seeds from Maja barley (1940) were also 
treated in the same manner. The number of harvested plants was 
decidedly higher in the dry-seed series than in those steeped in water, 
although the difference was most accentuated after 10.000 r. As regards 
the fertility, this showed a substantial fall in the water-treated series. 
Here, again, the differences were statistically significant. The auxin- 
treated and the water-treated series behaved similarly. 

Small differences in water content also influence the intensity of the X-ray 
injuries. In the 1939 experiments with Golden barley seed' samples were also rayed 
that contained 15 % of Hi:0 and that had been stored at this water content for some 
time. The number of harvested plants did not fall notably, whereas this was the 
case with the mean fertility. The difference in fertility between series B and A 
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(.seed material with re.spectively 10 and 15 % HaO) amounted at 5.000 r to 
2J(G±0,r)9 % with D/ni :r=:o,0 and at 10.000 r to 6,68 + 0,69 % with D/m = 9,7. 

A desiccation of the seeds before irradiation ought to have the 
opposite effect to that of soaking them in water and should accordingly 
reduce the susceptibility. No complete experimental series have as yet 
])eeii carried out in which the water content has been gradually reduced. 
On the other hand, an investigation was made in the spring of 1943 into 
the effect of X-ray irradiation combined with an intense desiccation 
hy heat (Table 2). 

A series of seed samples of Ynier b? was taken on March 17 for different 
pretreatments. On this occasion the water content Nvas rather high (16,8 %). The 
■control material was stored at room temperature, and immediately before the 
X-raying {March 26) the w^ater content amounted to 11,3 %. On March 17 six 
boxes, each containing 300 grains in one layer, were placed in a thermostat, 
gradually given a temperature of 80° G. and kept there 1, 3, 6 and 9 days. There- 
upon two control series and three of the heat-treated samples (1, 3 and 6 days) 
were given an X-ray dose of 10.000 r. The fertility was then determined in all Xi 
plants that had arisen in the series subjected to combined heat and irradiation. 
In those control series which had been given solely 10.000 r 2X50 plants were 
examined for fertility, these plants being naturally taken out entirely at random. 

The unrayed control series gave, as in other cases, a very high 
fertility (96 %]. In the three series in which the grains had been merely 
heat-treated the fertility was somewhat reduced. Statistically, how- 
ever, the differences were doubtless significant (D/m = 2,95, 3,(m and 
2,88). Solely heat treatment thus reduces the fertility of the plants that 
arise. This in its turn is probably due to the fact that the chromosomal 
re-arrangements in the beat-treated seeds are considerably increased, 
and it agrees with earlier results obtained at Svalof and elsewhere (see, 
e. g., Peto, 1937) and can be explained in a similar way as the tem- 
perature coefficient for the mutation process (Timofeeff-Ressovsi^y, 
1937). 

Irradiation with solely 10.000 r lowered the fertility from 96 % to 
57 %. The great decrease of the fertility in just this experiment is 
probably associated with the high water content the seeds had when 
the samples were taken. Both the series given 10.000 r behaved in the 
same way. The average fertility in the two cases was 54 % and 59 % 
and the plants were distributed similarly over different fertility ranges. 

X-ray treatment combined with a previous heat treatment increased 
the fertility very considerably, from 57 % to 82 %, 86 % and 86 % 
in the three heat-treated series. This is the more remarkable as heat 
treatment alone reduces fertility. The increased fertility after heat 



MUTATIONS IN AGRICULTURAL PLANTS 11 


treatment and irradiation is probably due to a loss of water in the cells, 
nuclei and, maybe, the chromosomes. In its turn this change brings 
about increased chromosome stability and fewer disturbances at the 
subsequent germination. 

The fertility especially increased after heat treatment for three 
days. After treatment for 24 hours the average, fertility was lower than 
after that lasting three and six days. The D/m for the difference be- 
tween 1 and 3 days amounts to 2,53, for the difference between 1 and 
6 days to 2,4o. 


TABLE 3. Seed age and X-rag effect (Maja barley). 


Treatment 

Small seeds 
(Sieve 2,2 mm.) 

Large seeds 
(Sieve 2,8 mm.) 

Per cent 

harvested 
Xj plants 

No. of 

harvested 
Xj plants 

Average 
Xj ear 
fertility 

Per cent 

harvested 
Xj plants 

No. of 

harvested 
Xi plants 

1 

Average 
Xj ear 
fertility 

Control 1943 

69 

62 

96,1 

71 

64 

92,9 

1942 

67 

60 

96,0 

83 

75 

98,5 

1941 

66 

59 

97,8 

67 

60 

97,0 

1940 

39 

35 

97,7 

33 

30 

98,3 

1939 

30 

27 

92,3 

41 

37 

88,7 

5.000 /• 1943 

46 

139 

76,4 

1 50 

150 

77,4 

1942 

48 

145 

69,4 

57 

172 

80,« 

1941 

30 

89 

79,2 

50 

149 

83,0 1 

1940 

13 

40 

62,5 

22 

65 

76,2 j 

1939 

10 

29 

55,3 

12 

1 36 

65,3 1 


Smith, 1943, has likewise shown that heat treatment before ir- 
radiation increases the resistance. On the other hand, this is reduced 
if the heat treatment comes after the irradiation. 

Age. — In 1944 an exi:)eriment was laid down to test the X-ray susceptibility 
in aged seed. The initial material was Maja barley seeds in two sizes (sieves 
2,8 and 2,2 mm.), derived from the 1943, 1942, 1941, 1940 and 1939 crops, the 
samples being stored in the same way and having identical water contents. The 
X-ray doses amounted to 5.000 (and 10.000) r. Each irradiated seed-series con- 
sisted of 300 seeds, each control-series of 90 seeds. The fertility was determined 
within each group only on one ear per plant. 

From Table 3 it is seen that the germinability of the aged control-seeds falls 
sharper in the small-seeded than in the large-seeded series. In the four youngest 
series the ear fertility is not reduced but is about 95 %. 

After a dosage of 5.000 r the differences are very expressive. In all cases the 
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small-seeded series are inferior, this condition being most pronounced in material 
of the years 1941 and 1940. The average ear fertility is about equally high in the 
four youngest year-classes of each group, but distinctly reduced in the 1939 series. 

Rather irregular behaviour is shown by the series at 10.000* r. A characteristic 
feature, however, i.s that in both the parallel series the oldest material has not 
yielded a single harvested plant. In the other year-classes the small seeds are 
considerably more susceptible than the large ones. The mean ear fertility in ihe 
series containing a sufficient material lies at 50 — 60 %. 

Size of seed. — On several occasions above stress has been laid on 
the significance of the size of the seed for X-ray susceptibility. In the 
cases hitherto examined (barley, see above, also unpubl.; wheat, see 
Froier and Gustafsson, 1944) it has been shown that small though 
well matured and uninjured seeds are more liable to lose their vitality 
after even moderate doses than medium-sized seeds and these, in their 
turn, more easily than large seeds. The cause is probably that even 
at comparatively high X-ray doses numerous uninjured cells remain in 
the largest embryos and, on account of their livelier activity of division, 
replace or push aside cells that have been badly injured. It is therefore 
possible that the differences in X-ray susceptibility that occur in differ- 
ent initial mateidals or in different year-classes of the same strain 
depend at least to some extent on different seed-size. Thus, for instance, 
the high X-ray susceptibility in Maja barley as compared with Ymer 
barley is probably associated with the fact that Maja is smaller grained 
than the irradiated line of Ymer. The latter showed in 1943 a 1000- 
grain weight of 45,3 as against 42,5 for Maja. 

It must not however be straightaway assumed that large-seeded varieties of a 
plant species would suffer less from X-ray irradiation than the small-seeded 
ones. This is shown by, e. g., the Svalof spring-wdieat line Kolben and the Svaldt 
winter wheat Sammet (Velvet) 0700. Although the latter line is much more suscept- 
ible to irradiation, its seeds have a higher 1000-graiu weight (Kolben 1942: 33,3, 
Velvet 0700, 1942: 37,5). The t^vo varieties have, however, a quite different de.scent 
and an entirely different physiology. Of course, other conditions than seed-.size 
also influence the susceptibility. 

Lastly, it must be emphasized that in theoretical mutation ex- 
periments and in methodological investigations it is advisable to u.se 
seeds of a certain size, this in order to reduce the variation and create 
as exact conditions as are at all possible. 

Autopoly ploidi]. — In 1941 Muntzing examined the susceptibility 
of diploid and autotetraploid Opal B to irradiation and found that the 
tetraploid suffers less. As the seeds, on an average, are larger in the 
tetraploid than in the diploid (in 1941 the 1000-grain weights were 
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respectively 57,0 and 47, i), the increased resistance is probably partially 
due to the increased size of the seeds. 

Similar results have also been obtained by Levan (1944) in flax. 
Here the strains Hercules and Concurrent, which both rank as fibre- 
flax, showed a reduced X-ray susceptibility in the tetraploid stage, 
whereas the tetraploid of Palermo, which is an oil flax, if anything 
behaved in the opposite way, in any case was not more resistant than 
the diploid. The X-ray resistance of the diploids is the highest in the 
large-seeded strain (the 1000-gfain weight is 6 ,i gm. in Palermo against 
4,7 and 3,9 in Hercules and Concurrent). The highest Xi resistance is 
shown by the tetraploid in Concurrent, next comes tetraploid Hercules, 
and lastly tetraploid Palermo (the 1000 -grain weights are respectively 
6 ,(i, 6,1 and 7,9 gm.). Probably, therefore, both the absolute and the 
relative increase in seed-size have an influence on the susceptibility 
to X-rays. 

Results similar to those in barley and flax have also been obtained 
in white mustard (1944 and 1945), where the tetraploid had a 1000-grain 
weight of 10,5 as against 6,4 gm. in the diploid. The tetraploid stands 
a higher quantity of X-rays. The critical dose lies between 100.000 
and 145.000 r. In the diploid it lies at ca. 100.000 r. 

It is a general experience that polyploid species in a genus stand 
a higher irradiation than the diploids, in spite of the increase in the 
number of chromosome disturbances. (See Froier, 1946, for the 
Svalof results in wheat and oats.) This is owing to the reduplication 
of chromosomes and genes. 

The investigations hitherto conducted to ascertain the significance 
of the seed properties for mutation research are only a link in a 
systematic inquiry into the best conditions for creating valuable 
mutants. Other factors under investigation have reference to changes 
in the pH of the seeds (of great importance), protein and carbohydrate 
contents, influence of chemical substances (colchicine, carcinogenous 
substances, hormones, etc.). 

II. SPONTANEOUS AND INDUCED MUTANTS IN BARLEY. 

1. EARLIER RESULTS* 

Apart from chlorophyll mutations, which now and then appear in ail rather 
large cultures of barley, several spontaneous mutations have been described in the 
literature. Dwarfs of various kinds have been observed by Vestergaard (1919), 
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Miyazawa (1921), Harlan and Pope (1922) — in the last-mentioned case the dwarf 
resembled mut. dcnslnodosam, p. 18; cf. also HoneCRER (1936) — liOR (1922), 
Hallqvist (1923), ScHARNAGEL (192o), aud Swenson (1940). Most of the mutants 
described here are recessive in relation to the maternal line. The dwarf that was 
isolated by Miyazawa was however dominant, and was fully characteristic already 
in the heterozygous condition. As homozygous it was but poorly viable. Honeckek 
(1. c.) observed a dominant or semidominant dwarf mutant, Kiessltng (1912) 
isolated a mutant characterized by larger foliage, longer iuternodcs of the ears and 
longer awns, lighter green colour of the leaves. The chlorophyll formation was 
reduced. This mutant corresponds to certain viridL'i mutants which are viable when 
liomozygous but late in ripening and low in yield. 

Among morphological mutants the following are of interest. Ikeno (1925) 
found in his experiments a dominant 'mutation from six-row to intermedium type 
that was constant generation after generation. Tedin and' Tedin (1927) described 
a mutation changing the kernel base. In the progeny of a cross between lines 
having the falsum character (bevelled kernel base) a form of venim type (trans- 
versal nick) arose. This mutation took a recessive direction. MiEGE (1927) observed 
a variant with smooth awns in an experiment comi>risiiig two different barley lines 
— sapparition brusque d’une orge a barbes lisses». It was probably due to »une 
mutation par perte», although the possibility of spontaneous crossing is not excluded. 
Both the cultivated liuc.s were however barhed-awned. Vestergaard (1928) described 
the finding of a zeocriton-like variant, which had probably arisen through mut- 
ation. A transitional form to »hoocled» fvar. trifurcatum) arose in Harlan’s ex- 
periment (1931). The mutant was entirely sterile and furnished with pocket-like 
formations on the lemmas (similar to those in mut. calcaroides, p. 26). Tvi fur cat uni 
itself is poor in yield. Harlan considers it to have arisen as a fairly recent mut- 
ation, .since in it.s native country it has not spread notably beyond its true area of 
origin (Nopal). 

In a plant obtained from the cross H. nutans X spontaneum Huber (1932) 
found a bud mutation that caused highly remarkable changes of the phenotype. 
The basal awns were thickly set with long hairs, and so were the expanded parts 
of the glumes. Probably this is a case of vegetative mutation confined to the 
epidermi.s, for the progeny was normal. Huber considers that the barbs on the 
awns of normal barley varieties are homologous with hair formations. 

Of great interest from a practical a.s w^ell as a theoretical point of view is 
Sghiemann’s description (1930) of a short-awned recessive mutant from the line 
sBethge IIH>. This character, which occurs spontaneously in the East-Asialic region, 
M’as combined with a short, powerful, stiff .straw and beautiful, rounded kernels. 
The mutant, however, had a lower yield than the maternal line. Grossed with 
fBelhge II» it produced a widely spread malting barley »Bcthgc XIIH), which is 
considerably stiffer in straw than line H but has the same yield. 

Imai (1935) observed an interesting morphologic mutant in which the leaves 
of the seedling were leek-like. The root system was poorly developed, and therefore 
the mutated homozygoles died after a couple of months without producing ears or 
seeds. It Avas thus (sublethal or) lethal. 

According to a review in Der Zuchter 9, 1937, page 102, Diclus (1936) has 
isolated as a mutation a f. triaristatum, characterized by an awn on each lemma 
and two awns on each palea. He also described some physiological mutants. 
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Martini and Harlan (1942) report a series of »barley freaks», some of which 
were obtained after recombination; others, however, arose as spontaneous mutants. 
Among the latter are Grandpa, with all colour of the spike lacking (»the beard is. 
white»), »nuiltiflorus», with a large and varying number of flowers at each node, 
» accordion rachis», with long elastic zigzag curved segments. 

Gustafsson has observed two cases of spontaneous morphological mutations: 
a bud' variation witli half the ear formed like distichum (the mother-line), the otJier 
half like tetrastichum, and' a mut. scirpoides. Uiifortunalely, the six-rowed mutated 
plant was lost, and therefore its heredity could not be investigated. Respecting mut. 
.scirpoides, sec page 31. 

Waxless mutants form a transition to the physiological group. A spontaneous, 
variant has been described by Tokhtuylv (1935). So far back as the twenties, 
however, H. Tedin (unpubl.) found a waxless mutant out of the Primus barley, 
which equalled the mother-line in yield. 

Physiological mutants have been isolated by Pope (1935) after long selecUou 
experiment.^ in various lines of barley. Among 35.000 plants one mutation for in- 
creased internodial length was observed (out of Deficiens), one mutation for ir- 
regularly spaced nodes (out of Hanna), and one probable mutation for changed 
internodial length (likewise out of Hanna). 

Structural spontaneous re-arrangements in the genome have been demonstrated 
by Smith (1941), who in a barley material found one plant with an inversion, 
which gave bridges at meiosis, one plant with a reciprocal translocation and with 
65 % fertility as a consequence, and three trisomic plants with several mciotic 
disturbances. As early as 1932 Ekstrand demonstrated the presence of genes for 
asynapsis. 

The mutants that occur spontaneously are mostly lethal or sublethal, though 
some seem to be fully vital. This applies within the mori)hologicai as well as the 
lihysiological category. Most of the mutations are recessive in relation to the mother- 
lines, though at least three cases of dominants are known. 

Of works on induced mutations in barley reference must naturally first be 
made to Stadler’s (1930). Besides a large number of chlorophyll mutants he 
obtained seven non-seedling mutants, two of which were non-glaucous and one 
dormant (winter-barley like). No dominant mutation was observed. 

PiSMENRO (1937), cited from Der Ziichter, 10, 1938, page 336, iDroduced two 
mutants by irradiating ears at the time of flowering, one mutant by raying germin- 
ating seeds, and two mutants by raying dry seeds, Krajevoj (1939') has given a. 
detailed description of these five mutants: (1) triaristatum, which apparently is not 
identical with the mutant described by Diclits under the same name but, instead, 
resembles my »lcmma-likc glumes», (2) compactum, similar to my erectoides, 
(3) Pismenkovi with a corkscrew-twisted stem, (4) non-aristatum with short early 
shed awns, sublethal, and (5) fistulosum, manifestly much like the mutant that is 
here named scirpoides, 

Krajevoj has also carried out certain minor » selection experiments) with 
these mutants. The best among them seems to be var. triaristatiim. Its yield ha.s 
not been tested, though its viability has, in mixed cultures with the original type. 
The other mutants show poor ger min ability and reduced viability. 

By means of X-raying Abyssinian spring barley Lutkow (1937 b) produced a 
mutant of winter-barley type which was recessive to the original form. Nothing 
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has been reported as to its cold-hardiness. He also obtained a ligule-lackiiiig form 
(1937 a) and several mutants with changed ear characters (1937 c). 

In 1939 Nilsson-Ehlk published a preliminary report of the results he had 
obtained up to then with five to six different erectoid mutants. The mutations 
combined freely or showed linkage. Two were probably identical. One of the 
mutants is staled (personal communication) to yield about as much as the mother- 
line (Golden barley). 

According to Der Ziichter, 1*3, 1941, Kit.4JEVOJ (1940) produced an awiiless 
mutant from an awned’ variety. 

Ill 1941 {a and b) as well as 1942 GustafsSON described a series of induced 
mutants in barley, some of which were rather high-yielding. Among forms of 
morphological interest there are some with changed spike and flower structure. 
Some ten erectoid mutants had been obtained up to 1941. Gustafsson (1940) sub- 
mits some data which were intended to indicate a non-random course of the 
mutation process. 

Of great importance is Fkeisleben and Lein’s find (1942) of an induced 
mildew-resistant mutant from the line Heines Plaisa. With the aid of a specially 
elaborated technique for mass infection 12.000 Xi offspring (comprising 240.000 
seedlings) were tested for their susceptibility to Erysiphe graminis. Nineteen of 
these proved to he x^mtially resistant and were further tested in the Xs and Xi. 
A selected pedigree line entirely resisted infection by the mildew races 1, 2 and 4. 
In other respects the mutant was completely fertile and differed in no way mor- 
phologically from the mother-line. Tlie yield is not yet known. These authors 
(1943 a, b) have also drawn up some principles for a plant-breeding by means of 
induced mutations. 

Burnham (1946) found an induced recessive mutation making the chromo- 
somes unusually long at first ineiotic metaphase. Univalents were frequent. The 
pollen-grains aborted to 15 or 20 %. 


2. MODEL EXPERIMENTS IN T'WO-ROWED BARLEY. 

Three complete series of experiments have been carried out in two- 
rowed barley. In the years 1932 — 1940 the pure line Golden barley was 
broken down in different directions. The same thing occurred later 
(1940 — 1943) with Maja barley, which is a homozygotized cross-product 
of Binder barley and Golden barley. From a sister-line ( 197 ) to the 
so-called Ymer barley (Victory X Maja X Opal) a series of morpholog- 
ical mutants was raised in 1944 — 1945. 

Golden barley is a pure line that was placed on the market so far 
back as 1913. It derives from an old land barley of Gotland, was 
isolated at the turn of the century, and was considered suitable as 
initial material for the first mutation expei'iments. During a succession 
of years Golden barley was the most eminent two-rowed barley in 
southern Sweden, high-yielding, comparatively straw-stiff and — in its 
character of a pure line — completely uniform. At the end of the 
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twenties, however, it had to give way to the Danish strains Kenia and 
Opal, which combine better quality as malting barley with a higher 
yield and considerably increased straw strength. Even, these, however, 
wei'e surpassed in yield by the Maja barley, although the latter was not 
very suitable for malting purposes. The Ymer b- barley, finally, stands 
at about the same level as Maja in yield but has substantially better 
malting properties. 

Since 1939 the experiments have had the following extent (for 
some of the earlier series, see Gustafsson, 1940): 



No. of 

No. of 


plant progenies 

spike proge 

1939 — 1940 Golden barley . . . 

, . . 2630 

2630 

1940 — 1943 Maja barley ... 

. . . 2256 

9681 

1943 — 1945 Ymer barley (b 7 ) 

. . 2010 

3345 

1939—1945 Controls 

626 

887 


The X-ray doses ranged from 500 to 25.000 i\ Dry seed and seed 
pretreated in different ways were X-rayed. 

The mutants produced in the three varieties of barley may he 
pheiio typically divided into three groups: (l) chlorophyll mutants, 
(2) sterility and lethality mutants, and (3) vital mutants. 

A. CHLOROPHYLL MUTANTS. 

This group of mutants is especially suitable for methodological 
investigations in diploid plants. Chlorophyll mutations readily arise 
and can be discovered at seedling stage. The majority are lethal, live 
as long as the store of nourishment lasts, and then die. They should 
therefore really be assigned to Group 2 but are conveniently separated 
from this. A few are subvital, i. e. are able to assimilate, form ears 
and even ripe kernels, although the ripening is often greatly retarded. 
In one case there even arose a viable chlorophyll mutant that under 
certain external conditions seemed to be superior to the original form in 
yield. In flax Levan (1944) has produced a viriclis mutant that is 
fully vital also under normal external conditions (p, 85). The mutants 
can be placed according to their appearance and chlorophyll formation 
in different subgroups (Gustafsson, 1940; see also Freisleben and 
Lein, 1943, as well as Froier, 1946). 

The plastids are as a rule normally or subnormally developed in 
viridis mutants of barley, whereas Ihey are small and undeveloped in 

2 


HerctUUiH XXXI 11. 



18 


AKE GUSTAFSSON 


albina types. Plastids of the xanfha types occupy an intermediate 
position. In the albovividis mutants they often develop differently at 
the apex and base of the leaves (Gustafsson, 1942 b). For oats 
FrDier (I c. ) has observed a somewhat deviating behaviour. The com- 
monest of the mutant types in barley are albina, virescens, chlorina, 
virido-albincu Sporadically alboxantha, xanthalba, and tigrina arise. 

B. STERILITY MUTANTS. 

These mutants form two subgroups. 

The first comprises such mutants that already have reduced 
viability in the vegetative stage and consequently poor seed-setting, 
but also mutants that as a result of altered spike or flower structure 
are wholly or partially steidle. 

Dwarfs with an enfeebled development and partial fertility are not 
infrequently formed. In the cases examined they remain constant year 
after year, the ears burst their envelopes incompletely and the seed 
production is reduced. Narrow-leaved variants with dwarf growth are 
not uncommon. 

In a peculiar mutant that arose from Ymer b? in 1945 most of the 
spikelets were sterile and seed was only developed in the very higliest 
flowers. A similar mutant was described by Vestergaard (1928). 

One characteristic mutant has repeatedly ramified ears (Gxjstafs- 
SON, 1941, Fig. 7). It is a compact dwarf with numerous nodes and 
short internodes. Its pollen is normal but in spite of this the plants 
are entirely sterile. This type of mutant has arisen in Maja as well as 
Ymer Ft and seems to be identical with a form described by Harlan 
and Pope (1922). It has been given the name of densinodosiim. Smith 
(1939) has found a similar mutant in Triticiim monococciim [mi mi, 
bis Fig. 11), although it was much higher and, in addition, partially 
fertile. 

To this group there also belongs a mutant that has been described 
by Gustafsson and Aberg (1940). The spikelets of the middle-row 
contained two flowers within each lemma. The long-awned primary 
lemma looked normal. The two secondary lemmas possessed awns 
about three-fourths the length of the ordinary ones. Similarly the 
paleae had awns about 2 cm. in length. Frequently the secondary 
lemmas grew together. Seeds were never formed, although the pollen 
looked normal. This mutant type has been found several times. Owing 
to its complete sterility it has not been specially studied. 
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Smith (1. c.) has found several cases of diplontic sterility in Triticiim 
monococcum, among others anther-less mutants, where the anthers 
ceased development before or shortly after meiosis was completed. 

The second group of sterility mutants do not produce seed or 
do so incompletely as a consequence of disturbed meiosis, caused by 
recessive factors. Smith observed many such cases in the progeny of 
X-rayed T. monococciim. Sometimes the chromosomes remained un- 
paired (partial or complete asyndesis), sometimes they were fragmented 
at first division, in other cases diploid microspores arose, diakinesis was 
retarded, etc. In some cases pollen was formed but aborted owing to 
the mature grains lacking starch. The recessives may be vegetatively 
normal, but also very weak. 

C. VITAL MUTANTS. 

This term includes here such variants as in a vegetative respect 
do not show any lethal traits and, in addition, are entirely fertile. Vital 
mutants in barley may grade below, level with or lie above the original 
line in yield. In the last case they may be called progressive. Even a 
variant that is inferior to the original line in the latter’s proper area 
of cultivation nuiy occasionally become distinctly superior to it in 
another climate or another environment, in which case it must also be 
called progressive. 

For the sake of simplicity two subgroups may be distinguished 
within the group of vital mutants (Gustafsson, 1941a): (a) Mor- 
phological miifants: morphological characters are altered in addition 
to changes in physiological properties. As a rule they segregate sharply 
in intercrossings or in crossings with the original line; they are 
qualitative, (h) Physiological mutants which, when cultivated along- 
side the original, can he distinguished from it, but only in properties 
relating to straw-height, straw-stiffness, earliness, tillering capacity, etc. 
In the crossings hitherto studied there is no sharp segregation. The 
Fo-segregates cannot be divided into two (or three) distinct classes, the 
phenotypical variation covering the genotypical. Most of Baur’s or 
Tine Tamme’s »Kleinmutationen» belong here. 

There is no plain difference between the subgroups. Some winter 
barley-like mutants, which segregate sharply and are easily distinguished 
both from heterozygotes and from normal homozygotes by their ex- 
treme lateness, form a transition between the two subgroups. The 
extreme lateness (i. e. the winter-barley character) is rather a phy- 
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siologicai property. In tlie cases studied, however, it was combined with 
obvious changes in morphology. 

a. Morphological mutants. 

The so-called erectoid mutants are the commonest within the 
morphological group. In Golden barley ten such mutants have been 
induced {erectoides t, 2, 4 — 11). Of these, erectoides 8 and 10 have 



Fig. 1, To the extreme left Golden barley (the mother strain), then the mutants 
erectoides 1, 2, 4, 5, 6, 7, 9, 11. 


been lost. [Erectoides 3, mentioned in earlier papers, is probably an 
intermixture.) In Maja barley five mutants of erectoid type have been 
obtained (12 — 16) and in Ymer barley, finally, nine [erectoides 17—19, 
21 — 24, 27, 28). (The three mutants » erectoides 20, 25 and 26», which 
at their first appearance were placed in this group, fall outside it in 
spite of having certain characters in common with it.) Something 
similar may also be said of erectoides 16 (Maja). An interesting fad 
is that Nilsson-Ehle (1939) observed six mutants of ei'ectoid type, 
arisen out of Golden barley, but no other morphologically deviating 
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forms. Tn my own experiments, irrespective of the erectoid types, about 
20 vital morphological mutants representing some ten different types 
have been obtained. Thus, the erectoid type arises oftener, and, as will 
be shown later, also more readily than most of the other morphological 
mutants. 



Fig. 2. From left to right: Maja barley (the mother strain), erectoidcs 
12 , 13 , 14 , 15 , 16 . 


All erectoid mutants (Figs. 1 — 3) are characterized by comparatively 
short, compact ears, often with projecting kernels and awns. A great 
variety of gradations occur, from subnormal to very short, compressed 
ears, the last-mentioned resembling those in zeocriton barley. The ripe 
kernels in the two lowest florets often stand straight out from the main 
axis, thus giving the ears a characteristic appearance, tapering from 
below upwards. This compact ear type is often accompanied by a 
short straw. The ears are shortened more than the straws. 
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In the Golden-barley miiiaiits tlie relative ear length is 81, in the 
Maja mutants 77 (both the original lines put to 100). The straw-length 
amounts to 97 and 93 respectively as against 100 in the controls. Some 
mutants break this correlation. The most striking is erectoides 14, 



Fig. 3. Prom left to right: Ymer barley 40/13 b? (the mother strain), crccioides 
17, 18, 19, and a short-awned mutant. 

which in spite of its extremely compact ears possesses a substantially 
longer straw than the Maja barley (diff.g^^.^^^ =7,o + l,6 cm., D/m=4,5; 
diff.^.^j, = — 2,5 + 0,2 cm., D/m =10,3). Thus, the two systems can be 
changed by way of mutation in opposite directions. Erectoides 6 and 
11 may also to some extent be ranked as correlation breakers; they 
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have the most compact ears in the Golden-barley group but the straws 
are only slightly shorter than in the original line. 

The erectoid mutants that have arisen from Maja barley show a 
considerably stronger variation than those arising from Golden barley. 
The relative figures for the ear-lengths vary in the Maja mutants be- 
tween 57 and 97, in the Golden-barley mutants between 70 and 91. The 
relative figures for straw-length lie in Maja between 70 and 111, in 
Golden barley between 87 and 101. 

The erectoid types possess on an average a lower number of kernels 
(and with this spikelets per ear) than the original types, but the differ- 
ence is not considerable. The same applies to the 1000-grain weights. 
In both groups the mutants fluctuate round their mother-line. Only 
erectoides 16 possesses an appreciably higher 1000-grain weight. The, 
broadly viewed, constant spikelet numbers and 1000-grain weights, coin- 
cident with much shortened ears, obviously explain the projecting 
appearance of kernels and awns. 

In the examined erectoid mutants the straw-strength is always 
increased. The Golden barley types further differ from the mother- 
line by upright ears, in the original type they bend downwards. Maja 
barley and its mutants have upright ears. Even erectoides 14, which 
has acquired a taller straw, shows a distinctly increased straw -strength. 
The increase is greater, however, in erectoides 13, 15 and 16, which are 
so extremely straw-stiff that under the Svalof conditions they surpass 
most other barley lines. 

Certain erectoid mutants also deviate from the original lines in 
earliness. The figures from the yield trials of 1944 may be submitted 
here. These trials included erectoides 1, 7 (from Golden barley), 12, 
13, 14, 15, 16 (from Maja barley). Erectoides 1, 12 and 13 were this 
year (as well as other years) about equally early in earing and maturing 
as the mother-line. Erectoides 7 and 15 were distinctly later, two and 
two to three days respectively. Erectoides 14 was a little earlier (two 
days). Erectoides 16 is very remarkable, it ripens extremely quickly. 
It shoots almost a week before the Maja barley. In the extensive yield 
trials of 1944 and 1945 it matured about seven days earlier. Whereas 
in most of the spring barley lines the seedlings remain for a time in a 
vegetative strengthening stage, in erectoides 16 they shoot up direct. 

The pronounced pleiotropy shown by many erectoid mutants does 
not however cease with this. The various barley lines can be divided 
into an a or type, or, as the case may he, a y or (5 type, depending on 
whether they are devoid of teeth on the lateral nerves of the lemmas 
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or in possession of such (Atteebeeg's system). Golden barley is a 
type with 5 — -7 teeth on each nerve, whereas Maja barley is most closely 
an a type, although solitary teeth may be formed. Erectoides 1 re- 
sembles Golden barley in this respect, while erectoides 4 and 5 clearly 
deviate. They possess on an average about three teeth per nerve. 
Erectoides 9, however, has if anything a higher number, about eight 
teeth per nerve. Most of the Maja mutants agree with the mother-line, 
but erectoides 14 has more teeth (/9 type). 

The shedding of the awns varies greatly in different mutants. As 
Fig. 1 shows, erectoides 6, 9 and 11 are very apt to shed their awns. 
Among the Ynier mutants this applies in a specially high degree to 
erectoides 17 (Fig. 3). Attention has been directed on several occasions 
to the peculiar mutant erectoides 16. In this, the erectoid character 
does not always appear so distinctly; the length of its ear to that of the 
mother-line bears the ratio 97 ; 100, but the lowest grains often project 
so much that the name can be defended. It deviates from Maja slightly 
in the dentation of the lemmas but considerably in 1000-grain weight, 
earliness and straw-strength as well as in regard to its awns, which 
long before maturing are deeply stained with anthocyanin and are rust- 
brown in colour. 

The examined erectoid types are recessive to the motherdiiie. In 
some cases the factors are linked. Free combination gives double 
recessives of the zeocriton type. In several cases, independent in origin, 
the original line has given identical erectoid mutations. 

Among the other morphological mutants mention may here first 
of all be made of two in which both the glumes at each spikelet were 
converted into lemma-like formations, each with its awns (» lemma-like 
glumes » 1 and 2). From each spikelet, therefore, there issue three long 
awns. The mutant has been described by Gustafsson and Abeeg 
(1940). It was observed earlier in India and the U. S. A., having pre- 
sumably also arisen there by recent mutation, and was described by 
PiSMENKO (1937) and Krajevoj (1939) as induced by X-rays. The two 
Svalof mutants have been observed in Golden barley. 

The glumes have changed in exactly the same way in both cases. 
The change is probably conditioned by one and the same gene (or by 
multiple alleles), for the Fi is identical with the parents and no 
segregation occurs in the Fo. One is undoubtedly recessive to the original 
line and the 3^ : 1 segregation is regular. Still, the two mutants are by 
no means identical. They differ clearly in respect of straw-height and 
ear-length. They were cultivated in the year 1944 next to each other 
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and with the original line in the vicinity. One was shorter (diff. = 
= — 17,8+1,6 cm.) and the other taller than Golden barley (diff. = 
— 4,2 + 1,3 cm.). Under the conditions of 1944 the two mutants differed 
in height by not less than 22 cm. In ear-length the mother-line lies 
midway between the two mutants. Mutant 1 has a shorter ear 
(diff. = — 0,41 + 0,27 cm.), mutant 2 has a longer ear (diff. = 
= 0,48 + 0,28 cm.). The mutants are thus not definitely separated from 
the mother-line, though distinctly from each other (diff.==0,92 + 0,2o cm., 
D/m = 3,5). Mut. 1 is richer in anthocyanin than mut. 2; this stands^ 
out most clearly in the awns. In addition, it has coloured nerves on 
the lemmas. Mut. 2 in its turn deviates as regards the teeth on the 
lemmas; they are certainly not more numerous but are decidedly 
stronger. Both the mutants have a higher 1000-grain weight than 
Golden barley. 

Of great morphological interest is the circumstance that the lemmas- 
in the lateral rows in both the mutants may be pointed and provided 
with short awns. In mut. 1 rudimentary lateral flowers with awned 
lemmas rather seldom occur, in mut. 2 this is commoner and the awns 
are longer. The very pleiotropic character of the two mutations thus 
strikes the eye immediately. Especially remarkable is the fact that the 
straw- and ear-length increases in one mutant but diminishes in the 
other. 

Mut. intermedium once arose from Ymer barley. Hoffmann (see 
ISENBECK and Hoffmann, 1942) divided the cultivated barley {Hordeiim 
sativum) into four main series: H. poly sti chum {= H. vulgar e), H. inter- 
medium, H, distichiim and H. deficiens, according to the number of 
fertile spikelets on each node In H, intermedium one, two or three 
spikelets set mature seed alternatively. The middle row is always 
fertile and better developed than the side rows. The mutant that has 
arisen at Svalof corresponds to the description. According to Vavilov 
and Orlov, similar forms occur spontaneously in Abyssinia and Ai^abia. 
Such have also arisen by spontaneous mutation (Ikeno). H. poJy- 
stichum, distichiim and deficiens form a multiple-allele series. The 
factors that control the intermedium character lie outside this series. 
None the less, polystichum- and distichum-forms, crossed with one 
another, can give intermedium-like segregates in the Fz and F3. 
According to Isenbeck and Hoffmann (1. c., p. 148), these arise when 


^ The system recently introduced by Aberg and WiEBE (1946) could not be 
considered here. 
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special fertility-factors are combined with the factor for two-rowedness. 
Ikeno’s intermedium mutant dominated over the six-row type. The 
mutant described here has not yet been crossed with the original form 
or with other two- and six-rowed barleys. 

Six-rowed (i, e. polystichum-) forms have arisen a couple of times, 
once with certainty out of Golden barley, once out of Ymer barley. 
Both were first observed in heterozygous form; the side flowers were 
accordingly more developed than is the case in ordinary two-rowed 
barley and their lemmas were provided with distinct awns. The former 
mutant was fertile and gave rise to six-row homozygotes of normal 
appearance {tetrastichiim type) but with weak tillering capacity. The 
other case was associated with complete sterility, and therefore no 
progeny could be obtained. 

A very peculiar mutant, which excellently illustrates how a mutant 
can alter the morphology of the spikelet, arose out of Ymer barley in 
1944 and has been tentatively named mut. calcaroides (Fig. 4). 

In this mutant the upper part of the lemma arches downwards 
and forms a sack-like, often even spur-like, recess. The awn is attached 
to the exterior part of the spur. On account of the shape of the sack 
the inside of the spikelet comes to he exposed. In spite of this, self- 
fertilization seems to predominate, for the progenies from the homo- 
zygous calcaroid plants, discovered in the summer of 1944 and sur- 
rounded on all sides by normal Ymer by plants, were homozygous 
throughout in the as well. The lowest parts of sack and awn are 
very hairy, sometimes almost hirsute. The barbs on the awns are 
thinner than in Ymer barley and resemble hairs. The lemmas of the 
lateral spikelets are larger than in the original type. The kernel base 
does not slope as is normal in nutans barley but is more sharply in- 
clined (spurium-like). There is considerable variation in the appear- 
ance of the sack; the latter may be displaced to the side, upwards or 
downwards, the recess may be of different depth, sometimes almost 
vanishing, the awn is differently attached, etc. The pleiotropism thus 
appears very clearly in this case. 

In the progenies that were raised in 1945 from three calcaroid plants 
the leaves withered away before ripening. Whether the calcaroid 
characters pleiotropically control this chlorophyll- defect or whether two 
different mutations have come together by chance, cannot be settled as 
yet. Calcaroid homozygotes are vegetatively rather feeble in se- 
gregating progenies. 

This mutant shows striking similarities to a sterile variant that 
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arose in Harlan's experiments (1931 ) and that was considered to form 
a transition to the so-calted trifiiTcatiim. 

In Ynier barley there likewise arose in 1944 a peculiar mutant. 



« b 

Fig. 5. Mut. bTacteatum. — a. Note, the large extra-bracts below the inflorescence, 
the gradually narrowing bracts in the inflorescence, and the curved culms. — 
b. To the left: the normal appemance of a barley culm (the mother strain), to the 
right: note the numerous short internodes of the mutant. 

tentatively named mut. bracteatum (Fig. 5). From extra nodes under 
the ear there issue bract-like leaves that form a tunic in which the ear 
is enclosed. In the axils of these bracts are rudimentary, sterile flowers. 
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From the node under the spikelets there spring successively ever-shorter 
bracts, and these gradually become scale-like. They are hairy. At 
the middle of the ear they disappear. The uppermost portion of the 
culm is curved. In the autumn of 1945 homozygous mutated plants 
exhibited a peculiar behaviour, folding at the curved section that occurs 
just beneath the ear and causing this to hang slackly down, though 
without breaking the culm. The number of nodes on the culms is 
substantially increased. The two uppermost internodes in normal 
barley are represented in this mutant by four or five (Fig. 5 5), which 
become successively shorter. 

The homozygous plants are vegetatively robust and very waxy. 

From Ymer bj there arose in 1944 another peculiar mutant (Fig. 3) 
that is striking on account of the short awns on the lemmas. The 
mutation is pleiotropic. The culm is shorter, besides being more waxy 
and much stiff er than in the original line. The auricles are highly 
anthocyanin coloured. The ear has a weak erectoid character. 

From both Maja barley and Ymer barley some mutants have been 
produced that are characterized bij a peculiarly glaring green colour 
and are at the same time entirely or partially waxless. Analysis of the 
Xa shows that they are recessive to the normal type and that the 
heterozygotes segregate simply. Whether all the four mutants are 
controlled by one or several factors, has not yet been determined. The 
two Maja mutants are mutually alike. The mother-line, as mentioned 
earlier, is of the so-called a{ — j5)-type, one of the bright-green mutants, 
on the other hand, of /S-type. Both have a shorter straw (59,8 and 
59, i cm. as against 65,8 cm. for Maja). The ear-length is practically 
the same, however, and so is the number of spikelets per ear. The 
mutant that has given the lowest yield has a substantially lower 1000- 
grain weight. A spontaneous mutant that is devoid of wax but has 
not the same peculiar bright-green colour arose earlier in Svalof (out of 
Primus barley, H. Tedin). 

In an earlier paper (Gustafsson, 1941 b) reference was made to a 
mutant out of Golden barley with half 'naked kernels. At ripening and 
still more during threshing the lemmas drop from the caryopses. The 
nakedness is incomplete. This mutant, which was found to have a poor 
yield, is easily attacked by smut. Certainly it is stiffer in the straw 
than the original line, but it has considerably smaller and less devel- 
oped kernels. These possess a high protein content and exhibit a faster 
germination ripeness than the mother-line. 

Two mutants that have arisen out of Golden barley have been 
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denoted as winter-barleij like (Gustafsson, 1941). They shoot about 
one month after the original line and as seedlings remain longer in the 
vegetative stage. Sown in the autumn, they deviate considerably from 



fig. 6. To the left: two plants of the spontaneous mutant scirpoUles showing 
involute leaves. To the right: two plants of Golden barley (the mother strain). 

ordinary winter -barley lines in that the seedlings quickly grow out 
(contrary to the case in the spring) and die early on account of poor 
cold-hardiness. They are thus characterized rather by extreme lateness 
than by real winter-barley type (altered photoperiodism?). In one of 
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them (winter-barley 1) the seedlings are yellowish-green at first and for 
this reason presumably possess lower assimilation intensity. The other 
mutant (winter-barley 2) has an almost reed-like appearance on earing. 
It is tall and robust with very broad leaves. The heights in 1944 of 
Golden barley, winter-barley 1, winter-barley 2 were respectively 
78,7 + 0,9, 63,5 + 0,9 and 87,3 + 1,7 cm., and in certain years the differ- 
ences were still more pronounced. Nevertheless, the ears are con- 
siderably shorter in winter-barle}^ 2. The two mutants are more liable 
to shed their awns than the mother-line and have a lower 1000-grain 
weight than the latter. Besides these characters the two mutants also 
deviate in respect of number of teeth on the lemmas, which is con- 
siderably lower than in Golden barley itself. Winter-barley 2 is further 
characterized by the fact that certain lateral flowers have pointed 
lemmas, winter-barley 1 by coloured nerves on the lemmas. 

Finally, mention must be made of a morphological mutation which, 
although not having arisen in the progeny from X-rayed seeds, appeared 
in the F 2 of the cross erectoides 7 X erectoides 6, both X-ray mutants. 
It has been named niut. scirpoides (Fig. 6). Before the earing the erect 
leaves, which enclose the spike, give a peculiar appearance to the 
mutant. The leaves are involute, subulate and yellow at the apex. 
Possibly the mutation has arisen as a result of chromosomal re- 
arrangements which were induced at the origin of the parents and 
which have caused pairing disturbances in the double heterozygote (?). 
Although both the parent lines have been cultivated on a large scale, 
neither of them has given mutations in its progeny. Three of seven 
Fo progenies segregated in both the erectoid and the scirpoid character. 
The reciprocal combination, wdiich consisted of ten Fi plants, did not 
give any scirpoid types. The scirpoid phenotype is controlled by a 
Mendelian factor which seems to segregate independently of the two 
erectoid factors. It has admitted of being transmitted without difficulty 
to normal nutans barley {AABB), the two single recessives {AAbh and 
ciaBB) of erectoid type as well as to the double recessive (aabb) of 
the zeocriton type. 

b. Physiological mutants. 

The physiological mutants, like the morphological, affect all organ 
systems, although they chiefly have a quantitative character and do not 
deviate from the maternal line so much that progenies from crosses 
can be assorted into distinct classes. None the less, in this group there 
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are also mutants which, cultivated side by side with the original line, 
differ considerably. 

Outwardly the most deviating is perhaps a mutant out of Maja 
barley (44/98) with a greatly shortened straw. At measurements in 
1944 the straw was reduced by 40 % , from 64,2 to 38, s cm. (D/m = 30 , 2 ) . 
The ear has likewise become shorter, though not in the same proportion, 
the shortening here being from 7,9 to 6,7 cm. Still, the difference is 
statistically significant (D/m = 7,o). The shortening is due to there 



'Fig. 7. Winter barley-like mutant (No. 2). In the back-ground Golden barley. 

Photographed on July 9th, 1941. 

being fewer spikelets, not to shorter internodes as in the erectoid 
mutants. A considerably lower 1000-grain weight falls to the mutant 
than to the mother-line (35,7 against 43 , 2 ). There is good tillering 
capacity. The mutant belongs to the a type like the mother-line but, 
like this, has one or two solitary teeth on the lemmas. 

The least changed in appearance of the isolated mutants, (44/23), 
■deviates in leaf -breadth and 1000-grain weight as well as — and above 
all — in malting qualities (p. 73). In other respects it seems to be 
identical with the mother-line (Golden barley). Its morphological 
characters are the same, and so are its straw-height, straw-strength, 
-ear-length and earliness. In yield it shows about the same level as 
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Golden barley. The leaf -breadth ^ in the mutant was 11,7 mm. in 1944 
as against 10, i in Golden barley, the difference being statistically 
significant (D/m. = 7,3). Somewhat shorter leaves mark the mutant 
(diff. = 1,77 + 0,61 cm.). In the yield trials of 1943 — 1945 the average 
1000-grain weight amounted to 44,4 against 40,4 for Golden barley. This 
mutant arose in the same pedigree progeny as the extremely broad- 
leafed winter-barley like variant (No. 2). 

In these two cases the mutants differ distinctly from the maternal 


line only in one external character. Other mutants, however, deviated 
in many ways. Especially interesting is a type that was obtained in 
1939 from Golden barley (44/3). It differs much from all barley lines 
growing at present at Svalof. The seedlings early become very bushy 
and at the same time extremely waxy. The ear does not slope as in 
Golden barley but is erect, and the culm is considerably shorter. A most 
remarkable feature is the extreme straw-strength, in Svalof evaluated 
in 1944 and 1945 at 9,3 as against 6,2 for Golden barley. This relation 
has held year after year, even in other areas of cultivation. In 1945 


^ In this as well as other cases the leaf-breadth was measured three weeks 
after earing on the second leaf of the main shoot, counting from the top. 


To the right: an extremely straw-stiff and bushy mutant (44/3), to the left: 
a straw-weak mutant (44/4). Yield experiments (1942). 


Fig. 8. 


Hercdilas XXXril. 
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such large quantities of rain fell in the month of July over the area in 
which the branch station of A^iisternorrland is situated that even the 
otherwise straw-stiffest strains were felled to the ground. Only this 
mutant kepi upright. The ripening time is about the same in the 
mutant as in Golden barley, if anything shortened by one or two clays. 
Botli mutant and mother-line belong to the p type. The extreme 
straw-strength is counteracted by two bad properties, a low 1000-grain 
weight and an inferior malting quality. Probably the low 1000-grain 
weight is due to the fact that the awns drop off to a large extent before 
ripening, just at a time when they are still able to assimilate. In yield 
the mutant lies at practically the same level as the maternal line. This 
interesting mutant reveals one of the disadvantages of the X-ray 
method: while good » progressive » properties can certainly be induced, 
changes often arise that reduce the value of the mutant. 

Increased vegetative development, specially higher straw and 
retarded ripening, are often combined. Only seldom, however, are the 
changes so extreme as in the winter-barley like type 2 (p. 31). The 
culm may be some centimetres higher than in the mother-line, earing 
and ripening may occur a couple of days later. 

One of the oldest mutants in cultivation, (44/2), differs from 
Golden barley chiefly by higher straw (in certain years np to ten 
centimetres) and two to five days later maturation. In spite of the 
higher straw the straw-strenglh is about as good as that in the mother- 
line. The 1000-grain weight is generally somewhat higher than in 
Golden barley, amounting for the five years 1940 — 1944 to 44,9 as 
against 43,9. The yield exhibits a tendency to rise during dry summers 
and to fall during rainy ones (p. 64). Thus, the mutant appears to be 
more resistant to drought than Golden barley. 

Mutants with increased straw-height and lateness have been en- 
countered several times in both Golden and Maja barleys. These two 
characters are often combined with increased leaf -breadth, lighter green 
colour, reduced waxiness. 

The straw-strength not so infrequently changes, in a positive as 
well as a negative direction. As was earlier mentioned, most of the 
erectoid mutants possess increased straw-strength. A very straw-stiff 
physiological mutant that arose out of Golden barley has been pre- 
viously mentioned (the waxy mutant 44/3). Such variants have also 
been produced from Maja barley. A Maja mutant (44/18), which has 
now been tested in yield trials for two years and is equal to the maternal 
line in yield, differs by high straw-strength (8,2 against 7,5), somewhat 
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higher straw (diff. = 5,5 + 1,2 cm., D/m = 4,5), greater waxiness, some- 
what higher 1000-grain weight and, above all, increased earliness in 
earing as well as ripening (2 — 4 days). In another mutant (44/30) 
the straw-strength increased still more strikingly (8,9 against 7,3). The 
straw-height, lOOO-grain weight and earliness were in this case exactly 
the same. On the other hand, the colour of the ripe kernels was differ- 
ent, more yellowish, the kernels as well as in fact the whole plant not 
being so rich in anthocyanin. 

On several occasions mention has been made of mutants that 
combine an increased or decreased lOOO-grain weight with other 
changes. Especially remarkable among these large-kernelled mutants 
is a type out of Golden barley (44/7) with an average lOOO-grain weight 
for the years 1941 — 1945 of 46,4 as against 41,2 for the original line, 
i. e. an increase of 13 This mutant also differs in other respects. 
The colour of the kernel on ripening is more yellowish-brown, although 
in other ways the mutant is quite as rich in anthocyanin as the mother. 
It also has somewhat broader leaves. In straw-height, straw-strength, 
earliness, etc. it deviates only slightly and has the Golden-barley habit 
in other respects. The malting properties are improved. Similar 
variants have also been obtained from Maja barley. One of these 
(44/91) possessed in the spring of 1945 a 1000- grain weight of 52,0 gm. 
as against the 46, i gm. of the Maja control. As in the preceding case, 
the kernel colour had changed to a distinctly yellowish-brown tone. 
The straw was substantially higher (diff. = 9,3 + 1,3 cm., D/m = 7,7) 
and the ear was considerably longer (diff. = 1,5 + 0,2 cm., D/m = 7,2) 
than in the mother. Simultaneously, however, the straw-strength had 
fallen considerably. The kernels belong to the a type. 

Several mutants with increased earliness have been dealt with in 
the previous text. The most interesting from a practical point of view 
is erectoides 16 (p. 23), which ripens at Svalof quicker than other 
Scandinavian barley lines and is as early as the early Australian and 
Egyptian types included in the assortment. (It differs entirely from 
these, morphologically among other things by the anthocyanin- 
coloured auricles.) Among the physiological mutants certain variants 
from Golden barley are earlier than the maternal line, although only to 
the extent of one or two days. One of them, the waxy mutant (44/3), has 
already been discussed. Reference has also been made earlier to one 
of the early physiological mutants (44/18) out of Maja barley. 

The results show that changes are more liable to occur towards 
increased lateness than in the opposite direction. 
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In Gustafsson (1941 b) some results relative to the process of 
germination ripeness have been discussed. Changes in this character 
were attended by alterations in various morphological and physiological 
characteristics. No selection for solely accelerated or delayed ger- 
mination ripeness has been made. 

Respecting properties such as protein and starch content as well as 
malting properties, see page 69. 

III. THE FERTILITY OF THE MUTANTS. SYNTHETIC 

STERILITY. 

The vitality of a mutant is determined to an essential extent by its 
seed production. This in its turn is bound up with the ear fertility, 
number of spikelets on an ear, and the tillering capacity. The germin- 
ability is also of importance. 

The direct fertility has been determined for eight morphological 
mutants from Golden barley — all belonging to the erectoides type. 
This was done by counting the number of unfertilized florets and 
number of developed kernels on the main straw of 25 — 75 plants taken 
at random. The fertility of such commercial varieties as Golden, Maja 
and Ymer barleys usually amounts to 96 — 98 %. On this occasion 
Golden barley showed a fertility of 98, o The lowest value for any 

mutant amounted to 96, i % {erectoides 2) and the highest to 98,7 ^/o 
{erectoides 7). The D/m varied between 0,o2 and 1,S7. Thus, none of 
these mutants have a notably reduced fe^tilit 3 ^ Where sterility occurs, 
it does not amount to more than a feAV per cent. The same applies to 
the great majority of pure-bred mutants that have been tested in yield 
trials \ As a matter of fact, during the last few years only such mutants 
have been taken out as, judging by ocular inspection, are fertile. Hence 
a conscious selection works here in the service of the practical work. 

The number of kernels produced by an ear is determined not only 
by the sterility but also by the number of spikelets (florets). If no 
sterility occurs — as in the above-mentioned erectoid mutants — the 
number of kernels is determined by the number of spikelets that have 

^ Five morphological mutants out of Ymer b? have been examined in the 
(1945) in regard to their fertility. The maternal line showed an average fertility 
of 96,0 %. Erectoides 19, »bright“green» 4, and »short-awned erectoidesh gave 
respectively 96,6, 98,1 and 94,4 %. Two other mutants [erectoides 17 and 18) con- 
tained, however, a number of plants with reduced fertility, the average figures being 
79,9 and 85,3 %. The material was as yet not entirely homozygotized for structural 
xe-arrangemeiits. 
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been formed. Even the commercial strains exhibit differences in this 
respect. For instance, on analysis in the summer of 1945 Maja barley 
gave an average of 26,4 spikelets per ear, Golden barley an average of 
24 , 2 . The difference is 2,3 + 0,?; D/m = 3,3. In one trial in 1944 the 
number of ripe kernels per ear in the same strains amounted to 26, s 
and 24,2 (difference = 2,6 + 0,4; D/m = 6,8). The higher yield of the 
Maja barley compared with Golden barley largely depends on a greater 
number of spikelets. 

In the examined mutants a clear group difference is observed 
according to their descent. Ten morphological mutants out of Golden 
barley showed an average of 23,9 kernels per ear against 24,2 for the 
maternal line, seven morphological and fifteen physiological mutants 
from Maja barley gave 26, i kernels per ear against 26,8 for Maja itself. 
The kernel numbers of the two mother-lines show a ratio of 100 : 111, 
those of the two mutant groups, 100 : 109 — hence a strict parallelism\ 

The individual mutants differ by the following D/m values from 
the mother strains: 


Fewer kernels More kernels 

per ear per ear 

D/ni — 3-2 — 1— 0 — 3 — 

Number of cases 5 1 6 4 424 5 =32 


Thus, in every fourth vital mutant examined the number of ripe kernels 
per ear has been so reduced that it definitely differs from that of the 
maternal line (D/m = 3). In every eleventh mutant it has increased in 
a corresponding degree. Negative as well as positive mutants may thus 
arise. In all cases, i. e. even in those with high D/m values, there has 
been only a slight decrease (or increase) in the absolute number of 
kernels. Usually the change is one of merely two or three kernels per 
ear, as the following figures show. One mutant, however, falls quite 
outside the frame. (This is the partially sterile mutant 44/32 mentioned 
in the foot-note); 

Decrease Increase 

Change in kernel 


number 7-6-5— 4-3-2— 1— 0 —1— 2-3-4— 5-6-7 

Number of cases 1 1 5 2 10 6 5 2 — = 32 


The eleven mutants that showed the D/ni values of 3,o and more 
deviated on an average by three kernels per ear from the mother- 
lines. 

^ If one of the Maja mutants, namely (44/32), which is partially sterile is left 
out of account, the agreement will be still better, viz. 100 : 110. 
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Allhoiigli the direct sterility has only been determined on eight of 
these 32 vital mutants, it can be unhesitatingly asserted that the great 
majority have a fertility equal to that of the maternal line, only one or 
two per cent of the flowers failing. There can be no question of any 
strong gamete or embryo lethality. 

In the summer of 1945 the number of spikelets (florets) per ear in 
some thirty mutants was determined by direct counts. The mutants 
studied were such as had been included for one or several years in the 
yield trials, and were thus more or less valuable from a practical point 
of view. 


Lower number Higher number 

of florets of florets 

Change in number of florets 5 — 4 — 3 — 2 — 1 — 0 — 1 — 2 — 3 — 4 — 5 
Number of cases — — 3 1 11 9 4 — — 7 =29 

Only one mutant (44/9 from Golden barley) differs notably from 
the mother-line. The difference is significant in this case (D/m = 6,8), 
In other respects this mutant deviates by its pale-green tone of colour, 
broad leaves, increased culm- and ear-length and its lateness. Other- 
wise the Golden barley type has been closely kept. 

Seventeen mutants, which Avere examined both as regards kernel 
number (1944) and number of spikelets (1945), showed a positive, 
significant correlation between the two properties. This confirms the 
view that the raised (or reduced) kernel number is mainly due to the 
fact that the number of spikelets has risen (or fallen). 

The tillering capacity of a commercial strain, as in a mutant, has 
a great influence on the yield. Twenty-two mutants out of Maja barley 
showed in 1944 the following D/m values for the differences from the 
mother-line (25 — 75 plants taken at random): 


Lower tillering Higher tillering 

capacity capacity 

D/m..... _3_2— 1— 0 — 1_2 — 3 — 

Number of cases — 3 1 4 4 7 2 7 = 22 


One mutant falls entirely outside the variation of its mother-line 
(44/89). Probably some of the variants that have D/m values between 
2 and 3 are also genetically distinct from the maternal line. On page 
37 it was pointed out that every eleventh mutant has an increased 
kernel number, counted per ear. According to the above group of 
figures, every twenty-second mutant has a significantly richer tillering 
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capacity. No mutant has yet been observed that combines positive 
deviations (by D/in >3) in both the characters. But the mutant 44/89 
just mentioned will probably prove on closer examination to be so 
constituted, the difference from the maternal line amounting in tillering 
capacity to l,oo + 0,33 (D/m = 3, os) and in the number of kernels per 
ear to 0,98 + 0,37 (D/m = 2,65). In three cases (erectoides 12 and 14 as 
well as 44/98) the tillering as well as the kernel number was reduced. 
The yield for erectoides 12, however, ranks level with that of the Maja 
barley itself. 

As regards the germinability of the seeds it may be said in general 
that this is not reduced in any of the mutants that have been tested in 
yield trials. At the sowing in 1945 the germinability was 99 % in seven 
specially examined morphological mutants, and likewise 99 % in twelve 
physiological mutants. The two maternal lines Golden barley and Maja 
barley showed 98 %. In the laboratory experiments of 1945, especially 
arranged to elucidate the germinating ability, the germination figures 
for the same mutants were 97 — 100 %. Several mutants show a retarded 
germination ripeness in certain years (p. 36). But this change is of an 
enzymatic nature and does not signify any lethality. 

In his paper of 1926 Hallqvist showed that dihybrids between 
different chlorophyll mutants often have disturbed segregation numbers 
in the although female gametes and zygotes are only exceptionally 
lethal. If germinability is lowered, the fall is usually quite inconsiderable 
(in the most pronounced dihybrid case 6,6 %; monohybrid and con- 
stantly green plants possessed a zygote lethality of 2,2 %). The same 
applies to the seed-setting (in the same dihybrid 5,2 % empty florets 
occurred against 1,7 % in the control plants). This synthetic lethality 
constitutes the lowest degree of sterility. 

A similar form of synthetic lethality, or rather synthetic sterility, 
arises if different induced erectoid mutants are crossed with one another. 
The erectoid character (dense, compact ears) is recessive in relation to 
the nutans type (sparse, slack ears). Monohybrids usually segregate in 
the proportion of 3 : 1. Dihybrids give in the Fa, unless linkage occurs, 
9 normals : 6 erectoides (single recessives) : 1 zeocriton (double re- 
cessive). In nionohybrids the fertility falls only slightly, whereas in 
dihybrids it shows a steep fall. This behaviour has been clarified with 
particular care for three erectoid mutants, all of which had arisen from 
Golden barley. 
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Golden barley 
Erectoides I 
Erectoides 6- 
Erectoides 7 


P-fertility 97,0 % 25 plants, 25 ears 

98,0 % 25 » 25 » 

» 96,2 % 25 » 25 » 

98,7 % 25 » 25 » 


[Erectoides 1 X Golden barley Fi-fertility almost normal, not accurately analysed 


lErectoides 6 X Golden barley 

'> 


80 

ears 

[Erectoides 7 X Golden barley 

» 

89,9 % 16 

» 

79 

» 

[Erectoides 1 X erect. 6 

» 

80,7 % 8 

» 

31 


[Erectoides 6 X erect. 1 

'> 

79,2 % 16 

» 

68 

» 

[Erectoides 1 X erect. 1 

» 

59,4 % 12 

5> 

44 

» 

[Erectoides 7 X erect. 1 

» 

55,0 % 29 

» 

129 

» 

[Erectoides 6 X erect. 7 

» 

68,0 % 10 

ft 

48 

» 

[Erectoides 1 X erect. 6 

» 

72,9 % 7 

» 

61 



The crosses with Golden barley give a distinctly even if weakly 
reduced fertility (6 or 7 % below the mother-line). The sterility is far 
more conspicuous in crosses between the erectoid types themselves, 
especially in the cross erectoides 1 X erectoides 7 and reciprocally. In 
all cases the reciprocal crosses behave identically. No maternal effect 
is thus seen. These results suggest that the irradiation together with 
the distinct »gene'Change» that results in the erectoid type has also 
brought about other changes in the genome, e. g. minor inversions and 
translocations. In homozygous condition these structural re-arrange- 
ments exercise no lethal effects and therefore probably do not constitute 
deficiencies. In heterozygous state — after crossing with the original 
line — they reduce the fertility somewhat, presumably owing to small 
meiotic disturbances. If such aberrations are brought together from 
different mutants independent of one another, their effect is added and 
the sterility increases considerably. According to this explanation, the 
50 % sterility of erectoides 1 X erectoides 1 is not due to a single reci- 
procal translocation but to an accumulated effect of genomic re- 
arrangements. This behaviour resembles what MtiNTZiNG (1938) has 
demonstrated for line crosses within Galeopsis. 

The pronounced pleiotropic effect of the morphological mutants 
probably depends in several cases on the interaction between an altered 
gene, often with strong effect, and a number of modifiers, which in 
their turn may be genic mutations but are probably often associated 
with structural re-arrangements (position or »pattern» effects, etc.). 
X-raying strikes and changes the cell nucleus at many points. But com- 
plex changes may also arise in association with spontaneous mutations. 
The additive effect that these show at crosses is certainly less 
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than that of the X-ray mutations but is nevertheless unmistakable in 
several cases. 

IV. MUTATION FREQUENCIES IN BARLEY* 

1. SPONTANEOUS MATERIAL. 

Hardly any exact data on the frequency of spontanieous barley 
mutations are to be met with in the literature. Hallqvist (1924) found 
eight plant progenies of about six thousand to be heterozygous for 
various chlorophyll mutants. His material mainly consisted of pro- 
genies from crosses. In pure lines of Scandinavian commercial varieties, 
e. g. Golden barley, Nilsson-Ehle (unpubl.) has estimated that a new 
spontaneous chlorophyll mutation appears in the progeny from about 
ten thousand plants. Peto (1937), on inspection of field material, 
found 149 mutants among 1.390.000 normal plants (i. e. about one in 
10.000). Since the mid-thirties the author has made notes on the pro- 
genies from all X-rayed seed as well as on all the material planted as 
controls. Several spontaneous chlorophyll mutants have been observed 
during the period covered. 

In Golden barley progenies from 8.279 individual plants were 
specially studied. At least four plants were heterozygous for spon- 
taneous mutations, that is 4,s per 10.000. No chlorophyll homozygote 
was observed in the first generation. 

In Maja barley two plants out of 2.256 proved to be heterozygous 
for chlorophyll mutations, i. e. 8,9 per 10.000. 

In Ymer bj barley, finally, one heterozygote was found among 707 
offspring, 14, i per 10.000. (During a field examination in 1944 one ; 
albina recessive was observed among 4.600 seedlings.) 

The different mutant types (albina, albouiridis, viridis, etc.) arise 
spontaneously in about the same proportions as after X-ray treatment. 
In X-ray experiments the albina mutants usually compose 50 — 60 % of 
all mutants. Of twelve spontaneous mutants, five (42 % ) were albina, 
two (17 %) were alboviridis, and five (42 %) were viridis types. 

Some experiments have been carried out with the object of 
clarifying the frequencies of mutations in heat-treated and aged seed 
material. In series from 1939, where seed material from Golden barley 
consisting of dry as well as of water-soaked seed had been gradually 
given a temperature of 80° C. for 24 hours, three to four mutants ap- 
peared in 473 progenies. This represents a heterozygote frequency of 
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(^ 3 — 85 per 10.000, i. e. an increase fifteen times that shown by the 
normal material. Peto (1. c.) also found a substantial increase. 

Ill 1939 plants were also raised from aged seed (stored with a 15 % 
water-content, material from 1932 — 1935). The progenies from 097 
such plants contained five mutants, i. e. 72 heterozygotes per 10.000 
plants or a fifteen-fold increase in the number of heterozygotes. 


The following table shows 

the results obtained: 



Golden barley, pure line 

4 

heterozygotes 

in 8279 plants 

4,8 per 10.000 

Maja barley, old cross variety 

2 


» 2256 

» 

8,9 » » 

Ymer barley by, new cross variety . . 

1 

5> 

» 707 

» 

14,1 » 

Hallqvist, 1924, cross material . . . . 

8 


» 6000 

» 

13,3 » » 

Golden barley, heat-treated seed . . . . 

3 

» 

» 473 


63,6 

Golden barley, aged seed 

5 

» 

» 697 

» 

71,7 » 


The total frequency of chlorophyll mutants under normal con- 
ditions corresponds to the effect in the of 40 r-units (Golden barley), 
70 r (Maja barley) and 110 r (Ymer Ot barley). Heat-treated and aged 
seed give mutant frequencies corresponding to about 500 r. 


2. INDUCED MUTATIONS. 

Chlorophijll mutation. — The number of chlorophyll mutants 
formed in different cereals after X-ray treatment was first determined 
by Stabler. In his work of 1929 he puts the mutation frequency in 
barley at 4,9 . 10 in the diploid Avena brevis and strigosa at 4,i . 10 
and 2,6 . 10~^\ and in the diploid Triticiim monococciim at 10,4 . 10~”, all 
calculated per r unit and ear progeny in the Xo generation. 

Ill 1940 Gustafsson reported the frequencies for different muta- 
tion types in barley. Calculated per ear progeny the total mutation 
frequency in the X;. generation is about 4 . 10"^' for every r unit. 

Freisleben and Lein (1943 b) gave a series of valuable data, like- 
wise derived from Xi> analyses. They find that the mutation frequen- 
cies do not rise proportionally to the amount of X-rays (Fig. 9). In the 
most extensive series (from the year 1941) the absolute frequencies 
increase up to a dose of 8.000 to 10.000 r in order to fall thereafter. If 
the frequencies are calculated per r unit, they are found to fall con- 
tinuously from 18,4 . 10“® at 4.000 r to 5,6 . 10~^^ at 14.000 r. In the 
second series (from 1942) the absolute frequencies increase rapidly up 
to 15.000 r but then fall again. Calculated per r, the values lie at 
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about the same height. In both cases the frequencies have been cal- 
culated per plant progeny 

The number of albina and xantha mutants in Maja barley has 
been determined in the Xa generation after irradiation with six doses 
between 2.500 and 25.000 r (1941 — 1942). Just as in Freisleben and 



Fig. 9. The frequency of albina mutants, calculated per r-unit and plant progeny 
(lower curve). The upper curve shows the frequency of all chlorophyll mutants,; 
calculated per r-unit and plant progeny. Xa-material. (After FreislebeN' und Lein, 

1943 b, series 1941.) 


Lein’s first series, there was a steep fall in the mutation frequencies per 
r unit with increased X-ray dose (Fig. 10). On an average the Xi plants 
have developed three to four ears per plant, and hence the frequencies 
can also be calculated per ear progeny. 


^ The two authors cultivated their Xi plants under very favourable conditions. 
The plants therefore tillered copiously, giving up to 15 ears per plant. 
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During the years 1943 — 1944 a third analysis was carried out, 
this time in Ymer barley hr (10.000 — 25.000 r). Only one ear (the prin- 
cipal ear) from each Xi plant was sown. The mutation frequency, 
calculated per r unit, falls successively and reaches its minimum at 
25.000 r, the same result, accordingly, as was obtained in Maja. 



Fig. 10. The frequency of albina mutants in. Maja barley, calculated per r-unit and 
plant progeny (upper curve), per r-unit and ear progeny (lower curve). Xs-material. 

The absence of proportionality between dose and mutation frequency may be 
due, as Fbeisleben and Lein also point out, to different concurrent circumstances, 
viz. (1) a saturation effect, that is to say, at high doses a certain mutation type 
arises several times without its being possible to distinguish the different mutation 
cases from one another, (2) an S-shaped dose curve; certain mutations and mut- 
ation types are not one-hit phenomena but derived from structural re-arrangements, 
(3) selective conditions during ontogenesis, the most lethal changes being eliminated 
in favour of undamaged chromosomes and genes, in which connexion the fact also 
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has its effect Ilia t small seeds are more liahle to be killed than large ones and the 
latter give lower mutation frequencies. 

According to the summary given in Table 4, the total frequency 
of chlorophyll mutations in the Xo generation can be calculated at 
+ 13.10 per X-ray unit and plant progeny. The corresponding 
value in the X. generation will be +30 . 10 Thus, in those cases 
in which the analysis is made in the Xo only one-half of the actual 
number of mutations are found, the other mutations remaining in 
heterozygous form. Calculated per ear-progeny the frequencies in the 
Xo and Xg will be about one-third to one-fourth of the corresponding 
values for the plant progenies. The agreement between the different 
experimental series is remarkably good. 

The influence of metabolism on the mutation process was first 
investigated by St ADLER (1928 b, 1930). He found about a fourfold 
increase. In the experiments carried out at Svalof the frequencies do 
not rise so steeply, but in any case they double or treble (Gustafsson, 
1940). On the other hand, the mutation frequencies fall to about 
one-half if the seeds are desiccated gradually at 80° G. The results 
obtained from three X-rayed series are given in the following table. 
More than 300 Xo mutants have been observed in these experiments. 


Golden barley, all mutations 

gQO to % 15 % 

H.O H.O 

— 10,2 15,4 

23 hours 
H^O 

21,7 

0,01 

heteroauxin 

26,3 

Maja barley, albina 

— 0,5 — 

15,5 

— 

Ymer barley, albina 

3,7 8,0 — 



(x\ll figures calculated per 

. 10 "‘‘ 

r unit and plant progeny.) 



Viable chlorophijU mutants. — Besides chlorophyll mutants that 
die at seedling stage, there also arise now and again ones, that are 
able to go on living and produce germinable seed year after year. Their 
seedlings are often pale-green to yellowish-green, and the fully grown 
plants have a paler tone of colour than what is normally the case. In 
these mutants eaidng and ripening are generally considerably delayed. 
For the most part they belong to the viridis group. A few viable 
albouiriclis and tigrina mutants have been obtained. 

In an Xg generation of Maja barley, where the Xi seed had been 
X-rayed with 2.500 — 25.000 r, there arose eleven viridis mutants, one 
tigrina-lil^Q viridis mutant and one alboviridis mutant, all of which 
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were homozygously viable. The average frequency calculated per r 
unit and plant progeny amounts to 1,3. 10 ^ calculated per r unit and 
ear progeny it amounts to 0,3 . 10 About every twenty-fifth chloro- 
phyll mutant is thus viable in the homozygous state. 

Sterilitg abevrcints. — Sterile individuals often appear in the pro- 
geny of the Xi plants. The sterility is due partly to structural heterozy- 
gosity (chromosomal sterility, according to Dobzhansky), partly to 
recessive factors (deficiencies, genic mutations) that in homozygous 
form prevent sex-cells from developing or functioning (genic sterility). 
The two sterility types can be distinguished from each other to a 
certain extent, the meiosis-disturbing factors often bringing about 
complete sterility. On the other hand, translocation sterility 4n barley 
reduces the fertility by 20 — 50 % . 

A preliminary analysis of the sterility behaviour of the X-rayed 
Ymer h^ barley has been peidormed. The material originates from 
seed treated with 20.000 and 25.000 r. Xo progenies were raised from 
one ear of each Xi plant. The X 2 generation was classified into (l) 
progenies consisting of completely fertile or slightly sterile plants, (2) 
progenies with one or more rather stei'ile plants (fertility between 
75 — 30 %), (3) progenies with solitary highly sterile plants (fertility 
about 10 %) and, finally, (4) progenies with solitary completely sterile 
plants. Group 1 contains unchanged plants as well as plants with 
small translocations, inversions, deficiencies in .^heterozygous form. 
Group 2 contains pronounced structural heterozygotes. Groups 3 and 
4 comprise recessive mutations with a changed floral structure, 
dwarf growth, asynapsis, polymitosis, stickiness and so on as a con- 
sequence. 

In all, progenies from 558 Xi ears were planted. Of them, 84 gave 
one or more rather sterile plants (group 2: 15 %], 11 contained one or 
more very sterile plants (group 3:2 %), and 17 gave solitary com- 
pletely sterile plants (group 4: 3 %). The frequency is 6 . 10 per r for 
group 2 and 3 . 10 *’ for groups 3 and 4 combined. »Meiosis-destroyiiig:^ 
mutations thus occur in the Xo to about as numerous an extent as all 
chlorophyll mutations taken together. The gross structural re-arrange- 
ments that reduce the fertility considerably appear more often. 

The segregation in groups 3 and 4 should approach 3 : 1 (the chiinaeric struc- 
ture of the Xi ears causes a deficiency of recessives), in group 2, on the other hand, 
more likely 1 :1 (here, too, with a deficiency for the sterile plants). In group 3 
the segregation Avas 99 : 27, in group -i it was 188 : 64, i. e. in both cases within the 
limits of a simple Mendelian segregation. In group 2 the analysis gave 734 completely 
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or almost completely fertile plants to 319 rather sterile ones. The D/m according 
to the 3 :1 scheme is 4,o (with a considerable surplus of sterile plants). Hence the 
sterility in group 2 probably depends to a great extent on translocation heterozygosis. 

As sterile and lethal mutants have only been cursorily studied, 
this analysis cannot be considered as final. 

Vital mutants. — A most important question from a general point 
of view is that of the frequency of the vital mutants. In five series 


TxABLE 5. Number of vital mutations in three different barley strains. 


Strain 

'r r e a t m e n t 

Plant 

progenies 

No. of 1 No. of 
plants 1 ears 

Chloro- 

phyll 

muta- 

tions 

(X.,) 

Morphological 
mutations (X 2 ) 

Physiological 
mutations (X^) 

Ymer I 

f 10.000 r 
Changed 
[ physiol 

802 

(2137) 

±12?£ 

11 = 

1,4 X 


Maja I 

2.500—25.000 /■ 

1030 

(4359) 

±U^ 

4 = 

0,4 X 

11= 1,1^.^ 

Maja II 

r 5.000-10.000 r 
Changed 
i physiol 

1226 

(5322) 

,± 10 

3 = 

0,‘2 ^ 

[ 5= 0,4.%" 

Ymer II 

i 

i 

10.000 -25.000 r 

E: 

proge 

(1208) 

ir 

nies 

1208 

± 4^ 

>6 = 

0,5 

? 

Golden I 

f 5.000-10.000 r 
Changed 

1 physiol. ...... 

(1768) 

1768 

zfc 


0,1 % 

^ 2== 0,1 

Golden II 

Changed 
physiol 

1 (862) 

862 

± 

1 = 

0,1 

o\ 

II 

Ail 


of barley grown 1939 — 1945 and treated with exactly determined X-ray 
doses, not only the number of cliloi'ophyll mutants hut also the number 
of morphological vital mutants and to some extent that of the physio- 
logical vitals were determined (principally in the X 2 generation). In 
three series (Ymer by 1, Maja 1 and Maja 2) field pi'ogenies were 
reared from all the ears of the Xi plants, in three others (Ymer hr 2, 
Golden barley 1 and 2) the different progenies originated from one 
ear (the principal ear) of each Xi plant. No physiological variants 
have been recoi'ded from Ymer barley b 7 , which represents a strain 
recently produced. 

Ymer hr gave a high number of morphological mutants in series 1 
(10,000 r, different pre-treatment of the original seed). Against + 100 
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chlorophyll mutations in the X2 there are at least eleven morphological 
mutations, seven of which are erectoid types, two bright-green types, 
one calcaroid, one bracteatum. This means that every tenth mutation 
of those observed in the Xa is morphological and vital. 

In Ymer 2, where the original seed had been given X-ray doses 
from (500— ) 10.000 to 25.000 r, 52 cases of chlorophyll mutants were 
observed against at least six morphological vital types, viz. erectoid es 
17 — 19 (20), a short-awned erectoid type, one bright-green variant as 
well as one intermedium mutant. Thus, in this series too, every tenth 
X2 mutant is morphological and vital. 

Maja 1, where the original seed had been given from 2.500 up 
to 25.000 r, shows a lower mutation frequency. Against a calculated 
number of 154 chlorophyll mutants there are only four morphological 
and vital types, namely erectoides 12 — 15. Only about every fortieth 
mutation distinctly observable in the Xo is thus morphological and 
vital. 

In Maja 2, where the seeds pretreated in different ways had been 
given 5.000 and 10.000 r, there arose 62 albinas in the Xo. This figure 
corresponds to about 125 chlorophyll mutants. The three morpholo- 
gical and vital mutants consisted of erectoides 16 and two bright-green 
variants. Here too, therefore, every fortieth X2 mutant deviates mor- 
phologically and is vital. 

Golden barley 1 (cf. Gustafsson, 1940, the 1939 series; 17 — 24) 
produced in the Xo generation 92 chlorophyll mutants and two (to 
three) vital morphological mutants [erectoides 9 and 10, possibly also 
a tetrastichiim variant). About every fiftieth mutant is thus vital and 
nioi'phological. 

The series named Golden barley 2 in Table 5 originates from seeds 
which had been treated in different ways before being X-rayed. The 
dose was not measured in r units. A single vital morphological type 
[erectoides 11) was observed. In addition, 63 chloi'ophyll mutants 
were formed. Hence, in this series every sixtieth X2 mutant is vital 
and simultaneously morphologically changed. 

The three barley strains thus give vital morphological mutants in 
the proportion of 1 in 10, 1 in 40, 1 in 52, the average being 1 in 23. 
Ymer Idt seems most liable to produce morphological mutants, Golden 
barley least liable, Maja having about a mid-position. The different 
capacity of the three strains to produce morphological mutants corres- 
ponds to different mutation riequencies in spontaneous material. As 
was earlier remarked, Golden barley represents a very old pure line 


Hereditas XXXJII. 


4 



50 


AKE GUSTAFSSON 


(isolated before 1900), while Maja and Ymer are recent cross-products 
with Golden barley as one of the original types. Ymer barley is the 
most complex as well as the last formed product. 

Several physiological mutants have been isolated in the Xo and 
of the Maja and Golden-barley series. They have often been observed 
already in the X 2 , but the range of modification of normal material 
is so wide that their nature of mutations cannot always be established 
until in the X 3 . Individual progenies in great numbers should pre- 
ferably be raised in the Xg and X 4 and then searchingly compared with 
the maternal line. This is however possible only to a limited extent. 
The mutants observed are thei’efore only a fraction of those that have 
actually been formed. Unless special precautionary measures arc- 
taken (p. 51), spontaneous crossings and solitary seed intermixtures 
may sometimes be classed as mutants. Physiological variants cannot 
be awarded the same general value as evidence as morphological ones.. 
In the six series which have been most thoroughly examined, and in 
which the sources of error have been successively eliminated, at least 
twenty cases of completely fertile physiological mutations have been 
observed (Table 5). 

In Maja 1 eleven physiological mutants correspond to about 154 
chlorophyll mutants, i.e. a proportion of 1 : 14. In Maja 2 five phy- 
siological mutants arose. The proportion in this case (+ 125 chloro- 
phyll mutants) is 1 : 25. In Golden barley 1 two physiological mutants, 
were isolated as against 92 chlorophyll aberrants. This means a pro- 
portion of 1 : 46. Finally, in Golden barley 2 , two or probably three 
physiological types were observed as against 63 chlorophyll mutants,, 
i.e. a ratio of 1: 32. 

The Maja barley seems moi'e liable to give physiological mutants 
than the Golden barley, which as a rule behaves very stably. On an 
average the four series gave about two vital physiological mutants, 
as against one morphological. 

Of the morphological mutants enumerated here, eleven have up to 
now been tested in yield trials (p. 60). Four of them have given 
about the same yield as the mother-line, one has shown a better 
result. 

All the fertile mutants produced in the physiological group have 
been tested in respect of their yield. Of the twenty types, nine are 
equal to and two probably superior to the maternal lines, i.e. show 
about the same ratio as within the morphological group. 



MUTATIONS IN AGRICULTURAL PLANTS 


51 


V. THE MODE OF ORIGIN OF INDUCED MUTANTS. 

1. SOURCES OF ERROR AND METHODS OF CONTROL. 

The control of the mutants and their mode of origin have been 
sharpened as the investigations have advanced. However, even in the 
predominantly self -fertilizing varieties of cereals — barley, oats and 
.wheat — spontaneous crossing occurs to a varying extent in different 
lines (Stevenson, 1928). The risk of crossings can nevertheless be 
eliminated by means of suitable experimental conditions. Another 
source of error consists in contamination of seed material or admixture 
of foreign seed. An admixture is however rather easy to discover, as 
in such cases the progenies from all the ears deviate in a similar man- 
ner from the control. 

The following precautions have been successively adopted, (l) The 
seed material to be X-rayed is taken from elite material of a pure 
line, often from individual plants, which also have to supply control 
series. If a non-homogeneous commercial strain is to be X-rayed^ 
only morphological aberrants are isolated. (2) The Xi (as well as the 
Xo) generation should as far as possible be grown apart from other 
field material of the same variety of plant. (3) Each Xi plant is 
harvested and threshed separately and its kernels are sown separately 
ear for ear. (4) The variants that arise are scrupulously compared 
with other lines and strains in the assortment. (5) In specially im- 
portant model experiments use is made of ^.lines that ai'e recessive for 
certain easily observable properties. For instance, seed of Pudel wheat 
functioned in the first X-raying experiments in wheat. This line is 
homozygous for white kernel colour and glume hairiness. Other lines 
having these properties are not in culture. The kernel colour of the 
observed variants show whether crossings or mutations’ have occurred. 
(6) An extensive conti’ol material is sown. 

In two-rowed barley the individual control has been carried so 
far that every mutant arising can be referred not only to a definite 
Xi plant but also to a definite Xi ear, in which the number of well- 
developed kernels, as well as the number of empty flowers, is exactly 
known. In six-rowed barley, wheat and oats it takes up far too much 
time to determine the exact sterility ear for ear. However, even these 
kinds of plants have been subjected to as exacting control as possible, 
especially by way of extensive cultivation of progenies from non- 
irradiated plants. 

It may be added that so careful a testing as this is hardly necessary 
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if only morphological variants are to be produced. As a matter of fact, 
so far as these are concerned it is easy to determine whether they ori- 
ginate from mutation, spontaneous crossing or admixture. On the other 
hand, physiological variants must be scrupulously followed and con- 
trolled, since many of them differ only slightly from the maternal line. 

As previously mentioned, admixtures can be readily unmasked by 
the fact that all the ear progenies then deviate. Individual ear pro- 
genies, on the other hand, may he homozygous for a recessive mutation 
already in the Xg. Some examples may illustrate this. The kernels 
from three ears of an Xi plant out of Ymer hr were sown. Seven of 
nine kernels from ear 2 germinated and all were >>albinay>. The two 
remaining ear progenies were normally green. In another case an Xi 
ear with eight kernels germinated. The six seedlings that arose re- 
presented the rare mutation alboxantha. In a third case three ear 
progenies from an Xi plant were sown. From one of the ears there 
arose eight identical seedlings of a yellow tone of colour (chlorophyll 
mutation) and homozygously viable, although greatly delayed in their 
earing. At times ears that are homozygous for a recessive character 
(e. g. albina or xantha) can already be observed on the Xi plant. 

Some examples will illustrate the genesis of the mutations: 

Erectoides 12 arose out of Maja barley. From 865 X-rayed seeds (2,500 2 *) 
557 Xi plants were obtained with an average fertility of 89 %. The Xi plant in 
question showed 95 % fertility, the mutated ear 91 %, The plant possessed nine 
ears. In the progeny from ear 4 two erectoid plants were observed. Of five 
selected Xa plants three were normal in the Xs, one segregated for erectoides, one 
was a constant erectoides. 

Erectoides 12 deviates not only from Maja barley but also distinctly from all 
barley lines under cultivation. The Xi generation in question was kept separate. 
The extensive Xa generation was sown later than the other barley material and 
apart from this. 

Erectoides 16 likewise arose out of Maja. The seed material was soaked in 
water for 21 hours prior to being X-rayed (10.000 r). From 1436 sown seeds only 
46 Xi plants were harvested, with an average fertility of 66 %. The Xi plant con- 
cerned gave twelve ears and possessed 71 % fertility. Fifteen kernels in ear 6 (65 % 
fertility) gave an X 2 generation consisting of seven plants. One of these was 
recorded as »early ripening». New progenies were raised from five of these seven 
X 2 plants. Tliree plants were normal, one heterozygous and one homozygous for 
erectoides 16. Seed material from the tw'o remaining X 2 plants was sown in the 
spring of 1945. One was heterozygous for the mutation in question, one did not 
differ from the mother-line. 

The same Xi plant and the same Xi ear gave rise to a physiological mutant 
(44/109) that deviates from the maternal line, principally by broader leaves. 
Erectoides 16 differs in shape of ear as well as by its extreme earliness. Neither 
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variant can have arisen as a consequence of spontaneous crossing or seed admixture. 
Besides them, a Iiitescens mutant was also formed in the Xs progeny from ear 11. 
The X 2 plants from ear 5 were completely sterile. 

The cultivating conditions for the X± and X 2 generations were the same as for 
erectoides 12. 

An example of a fully controlled still more complex behaviour is offered by a 
Golden barley series that was already X-rayed in 1937 (1937: 110, Gustafsson, 1940). 
The treatment was so intensive that from 508 sown seeds there arose only thirty 
Xi plants, with an average fertility of 32 %. The Xi plant in question possessed a 
fertility of 37 %. Out of it there arose, inter alia, a very broad-leafed »winter- 
barley like» mutant (44/65, cf. p. 31, difference for leaf-breadth 3,6 ± 0,4 mm.). 
The same ear progeny gave a physiological variant that differed from Golden barley 
by somewhat broader leaves (44/23, p. 33, difference for leaf -breadth 1,6 ± 0,2 mm.}. 
In another ear progeny there appeared an albina mutant and at the same time a 
straw-stiff mutant (42/13). The winter-barley like mutant appeared in two of 
the eleven ears. (There are three to four ear initials in one barley embryo; 
hence, several of the ears that arose on the harvested plants were secondary and 
could therefore give the same mutant.) 


2. X, FERTILITY AND TYPE OF MUTATION. 

As the fertility of the maternal plant is known for most of the 
induced mutants, it is possible to determine the X-ray effect required 
to induce a certain mutation or mutation type. To take an example 
from Ymer barley: The mutant »short-awned» arose from an Xi 
plant with only 42 % fertility, erectoides 22 from an Xi plant with 92 fo 
fertility. This decrease in fertility illustrates the nuclear changes re- 
quired to enable the two mutants to arise (if, of course, these fertility 
figures are representative). »Short-awned» thus requires for its origin 
a greater change in the genotypic constitution of the Xi seed in question 
than erectoides 22, 

Another example may be appended to this: Gustafsson (1940) 
considered that he was able to determine that viridis mutations pre- 
ferably arise in the progeny of sterile plants while the albina muta- 
tions are readily formed in the progeny of fully fertile plants also. 
The former would thus occur predominantly in fertility classes in which 
translocations, inversions, etc. have accumulated. (This view has been 
criticized by Muntzing, 1942, as well as by Freisleben and Lein, 
1943; see Gustafsson, 1946 b.) In the mutation experiments of the last 
five years 471 albina mutants have been produced. The corresponding 
Xi plants possessed an average fertility of 77,o ± 0,7 %, The viridis 
mutants, numbering 136, showed an average Xi fertility of 71,4 + 1,4 %, 
The difference is statistically significant. Hence, for their origin the 
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vlridis mutants need between 5 and 6 % lower average fertility in the 
X, plants than the alhina types. 


The following series is obtained: 


Mutation type alhina 

Average Xi-fertility: 77,02 + 0,68 % 

Number of mutants: 471 


xantha 
74,09 ± 1,38 % 
66 


albooiridis 
74,07 ± 1,47 % 
108 


viridis 

71,40 ± 1,43 % 
136 


physiological 
mutants 
71,03 ± 3,72 % 
29 


morphological 
mutants 
67,50 ± 3,34 % 
36 


According to these data chlorophyll iniitaiits, especially albums, 
are on an average considerably more liable to arise than physiological 
and morphological mutants (i.e. result from less drastic changes). The 
differences however are not significant, except in the case of albino 
and viridis types (D/m = 3 , 6 ), as well as probably in that of albino 
and morphological mutants (D/m = 2,8). Physiological mutants (most 
closely comparable with »Kleinmutationen» in Baur’s sense) arise, 
regarded as a group, more frequently than morphological, although 
many^ of them are discovered only after careful analysis, and they 
also seem to be formed somewhat more readily. 

Of far greater interest, however, is the fact that the morphological 
mutants can be divided into groups that possess distinct sterility pro- 
perties. One group comprises the bright-green, »non-glaucous» mu- 
tants, which have been described on page 29. Another group consists 
of the erectoid mutants, which are sharply delimited and easy to define 
(p. 20). To a third group belong the rare mutations which more 
or less drastically change the phenotype and in several cases cause the 
spikelets and flowers to get quite a new structure. 

The degree of pleiotropism runs roughly parallel with the in- 
creased degree of drasticity. Certainly the bright-green mutants deviate 
sharply from the maternal lines, though only in individual characters. 
Many of the erectoid types are very pleiotropic (p. 23). This con- 
dition is probably due to the fact that gene changes and structural re- 
arrangements have simultaneously occurred. Reasons arguing in fa- 
vour of this assumption have been submitted earlier. Among the 
drastic mutants are ranked calcaroides, bvacteatum, densinodosum (2 
cases), »lemma-like glumes » (2 cases), intermedium, tetrastichiimj short- 
awned, » winter-barley like» mutants with altered flower structure (2 
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cases). The spontaneous mutant scirpoides ought also to be placed in 
this group. These three groups show significant differences in plant 
as well as ear fertility in the Xi generation, as the following table shows 
(Gustafsson, 1946 a). 


)) N o 11 a u c o ii s » 


(A) Average fertility of the 

mutated Xi-plants 78,50 ± 6,55 % 

(B) Average fertility of the 

mutated Xi-ears 92,75 ± 3,92 % 

Number of mutants 4 


Erecioides 
73,00 ± 2,71 % 


74,57 ± 4,39 % 
21 


Drastic mutants 
51,27 ±6,07 % 

55,82 ± 7,90 % 
11 


In group (A) the difference between erectoid and drastic mutants 
is significant ' (0,01 > P > 0,ooi), as it also is between the bright-green 
and the drastic mutants (0,oi > P > 0,ooi) . 

In group (B) two differences are significant, between »non-glaii- 
cous^) and erectoid mutants on one hand (0,oi > P > 0,ooi) and »non- 
glaucous» and drastic mutants on the other (P = 0,ooi). The difference 
between erectoid and drastic mutants corresponds to a P value of 0,o5. 

The fact that the three groups are significantly separated from 
one another is also shown by an analysis of variance. The quotient 
inter/intra-class gives a P value which in both (A) and (B) lies betw^een 
0,01 and 0,ooi. 

These results may be construed in two ways: either the individual 
genes which, after mutating, drastically alter the phenotype, are so 
stable that they are affected only by the very strongest X-ray action, 
or the drastic morphological changes require, in order to be realized 
at all, a complete reconstruction of the chromosome material, for in- 
stance changes in one principal gene accompanied by drastic re-arrange- 
ments in the chromosomes, in modifiers, polygenes and so on. 

The yield of the morphological mutants falls in the measure the 
changes become greater. Three tested bright-green mutants gave an 
average yield index of 101 (against 100 for the mother-lines). Four- 
teen erectoid types gave the relative value 88. Of the drastic mutants, 
only two have been tested so far (»lemma-like ghiines» 1 and 2). 
These gave a yield index of 84. Of the rest, the densinodosi are com- 
pletely sterile. Calcaroides is vegetatively distinctly weaker than the 
maternal line. In bracteatiim the ears bend just before ripening and 
hang down, a clearly negative character. The two »winter-barley like 
mutants » give a low yield of poorly ripened kernels when grown as 
spring barley; grown as winter barley they are unable to endure the 
winter. Scirpoides, the only spontaneous drastic mutant, is distinctly 
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weakened, with smaller ears and fewer kernels. Hence the drastic 
mutants — at any rate in the area of cultivation of the original line 
itself — give a substantially lower yield and are in some cases non- 
vital. 

An interesting fact is that the yield within the erectoid group 
also falls in the measure the deviations from the original line are ac- 
centuated. In the following table the yield, straw -length and ear-length 
of the maternal lines have been put at 100. 


Yield 

Slightly 
changed ear- 
and straw- 
length; kernel 
character un- 
changed 

Greatly 
reduced ear- 
length (rel. 
fig. C 80) 

Greatly 
changed 
straw-length 
(rel. fig. < 90 
or >110) 

Greatly 
changed 
ear- and 
straw-length 

Changed 

kernel 

characters 

Golden barley 
mutants 

101, 97, 91 

92,91 

SS 


89, S3 

Maja barley ^ 
mutants ' 

95 

'97 . 

100 

76, 51 1 




3. EXPERIMENTAL CONTROL OF THE MUTATION PROCESS* 

The important problem of whether the mutation process can be 
experimentally controlled has in recent years been made the subject of 
special investigations. The I'esults are as yet meagre but seem to go 
in a positive direction, Rhoades’s important investigations of 1938 and 
1945 pointed clearly in this direction. Before that, Demerec (1937) 
bad observed that a definite gene in the second chromosome of Droso- 
pliila melanofjaster was able to increase the mutability of the whole 
genome very considerably. In Rhoades’s case in maize the labilizing 
effect proved to be specific. The mutability was increased solely in a 
definite gene. The gene Ui is very stable in the presence of gene dt and 
instable in company with the gene Dt. Other genes modify the effect 
of Dt. Chromosome aberrations do not occur. 

In 1940 Gershenson observed that Drosophila larvae fed with the 
sodium salt of thymonucleic acid — whether followed by X-raying or 
not — give predominantly mutants that affect the structure of the 
wings. This result has been contended by Rapoport (1940). The 

^ Biectoides 14 with the relative figure 76 has also changed kernel character, 
erectoides 15 with the figure 51 has uncoloured nerves on the lemmas. 
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same year Gustafsson considered he was able to show that the so- 
called alboxantha mutation in barley (see below) arises in considerably 
higher frequency if the seeds are soaked in water or heteroauxin before 
being X-rayed. The next year (1941) Dotterweich and Schmidtke 
believed they were able to prove that, if D. melanog aster is fed with 
follicle hormone before irradiation, the visible mutants increase in 
number and change character as well. Mutations that alter the type 
of the wing are replaced by such as effect the bristles and the venation 
of the wings. With very high quantities of hormone the stability of 
the genome is considerably reduced. The visible mutants increase 
many-foldly as compared with the spontaneous cultures. Bristle mu- 
tants dominate- Especially the sex-linked gene scute and the autosomal 
gene Stubble mutate. Genes having definite phenotypic effect but 
located in different chromosomes are thus labilized by a change in 
the external envii'onment. 

The alboxantha mutation in barley is very rare both as a spon- 
taneous and an induced product. Probably it is due to changes in a 
definite gene (this is not yet proved). The material collected since 
1940 corroborates earlier observations, viz, that alboxantha mutants 
are considerably more liable to arise from seeds soaked in water and 
auxin than from normally and artificially dried seed material. 

In laboratory experiments (the only reliable method) with Golden 
barley and Maja barley eleven alboxantha mutants arose, which were 
distributed over different seed materials as follows: 



Dry seeds 

contain 

Dry seeds previous 


previous to 

to irradiation pre- 


irradiation 

treated with 


10 

15 X 

HgO 

Auxin 


H^O 

HjiO 

23 hours 

23 hours 

Number of Xi-progenies 

2184 

586 = 2770 

501 

702 = 1203 

» » chlorophyll 

mutants 254 

66= 320 

109 

128= 237 

» » alboxanthas 

0 

1= 1 

3—4 

6 = 9—10 

s » tigrmas . . . 

7 

3 = 10 

1 

0= 1 


The distribution dry contra soaked series gives P = 0,ooi for ah 
boxantha as against non-alboxantha mutants (according to Yate’s 
correction 0,oi > P > 0,ooi), while for alboxantha-miiiaied as against 
non-alboxantha-nmtaied Xi plants it gives P <C 0,ooi (before as well as 
after correction for low number of mutants). 

In the progenies from Ymer br (chiefly diy seed with 12 % H^O 
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which had received 500 — 25.000 r) not a single alboxantlia mutant 
arose in the indoor material. On the other hand, in the field experi- 
ments, which do not allow of a fully reliable classification, possibly one 
fdboxantlia mutant was formed (after 25.000 r). Dry seed from Maja 
barley did not yield any alboxantlia even after the highest doses 
(25.000 r). 

This indicates that the cell-nuclei must be in a certain physiologi- 
cal state for alboxantha mutations to arise. If the high hydration is nof 
present, even the highest X-ray doses are unable to induce them. 

Another mutation type, tigrina, likewise very rare, shows in the 
same material a contrary state of things (see above). The difference 
as against alboxantlia is statistically significant (P < 0,ooi, with or .with- 
out Yate’s correction). It has arisen five times from Ymer br, in all 
cases in dry series. 

The identity of the various alboxantha mutants has admittedly not 
yet been cleared up, but even if several genes should be responsible 
for one and the same phenotypical effect, most of them must respond 
in quite a definite manner to changes in the state of the cells. 

Another example may be submitted to show that mutations do not 
arise quite at random. Xantlia mutants, as they are defined and classi- 
fied by me, show a tendency to accumulate in fertility regions having 
a slight^ but distinctly reduced fertility (70 — ^90 %) and to avoid re- 
gions with full fertility (90 — 100 %) or low fertility (0 — 70 % ) 
(Gustafsson, 1940, 1946 b). On an average they show no significant 
average decrease in the fertility of the Xi plants as compared with the 
albiiia types (see the table on p. 54), but the distributions are entirely 
different: 


Fertility of the plants 
0—10 — 20 — ao -40 — 50 — GO — 70 — SO — 00 - 100 


Albina 1 2 5 IS 36 66 115 133 95 ™ 471 

Xantha 2 3 13 20 25 3 66 


The difference in distribution is statistically significant (in a 
2 X 2-table P will be greater than 0,ooi but less than 0,oi, in a 2 X 5- 
table P is 0,oi). 

An analysis of the distribution of albina and xantha mutants in 
relation to the number of Xi plants in the different fertility classes 
shows that the albina types are regularly distributed over the whole 
of the area, while the xantha types accumulate in regions with a re- 
duced fertility. Two of the three xantha mutants, the mother-plants 
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■of which showed 90 — 100 % fertility, arose from plants with 91 % 
fertility, i.e. values below those of the control plants (96 — 97 %). The 
mother-plant of the third xantha mutant certainly possessed 96 % 
fertility, but in the same ear progeny there also arose one albina and 
one alboviridis mutant. In spite of the apparently normal fertility, 
therefore, a very strong X-ray effect must have occurred. 

There is hardly any doubt that the xantha mutations — whatever 
their innermost nature may be — generally require a more powerful 
X-ray effect than the albina mutations; they cannot arise in the pro- 
geny of completely fertile Xi plants. To obtain xanthas it is necessary 
to induce sterility and raise progenies from distinctly but weakly sterile 
plants. 

Judging from these results, therefore, the mutation process does 
not proceed at random; it is pre-determined, can be controlled by alter- 
ing the cell environment in a definite manner. Rhoades’s exceedingly 
important investigation, already cited earlier in this work, shows that 
individual genes are stabilized or lahilized when the gene environment 
is changed. 

Experiments are in progress on a large scale to endeavour to direct 
the mutation process methodically so far as vital mutants are con- 
cerned. As was mentioned earlier (p. 55), the three groups of mor- 
phological mutants show quite different sterility dependence. 

VI. YIELD AND QUALITY. 

1. THE YIELD OF THE INDUCED MUTANTS. 

A. SVALOF TRIALS. 

The yield of the barley mutants has been determined by trials 
spread over several years at the barley department of the Swedish 
Seed Association. During the first three years these trials were being 
conducted (1940^ — 1942) this department was under the direction of 
Prof. H. Nilsson-Ehle, subsequently (1943 — 1945) under that of Dr. 
I. Granhall. The department’s assistants Mr. C. G. von Sydow and Mr. 
G. Bergstrom were responsible for the practical parts of trials during 
the same period. 

The yield trials were laid down in the following way: 

1940 — Preliminary series, see Gustafsson, 1941 b, p. 344. 

1941 — Two series. A, Machine-sown trials, plots 7 X 1,36 m. (9,52 m-), four 
replications, 200, 300, 400 and 200 kg of saltpetre per hectare. B. Hand-sown trials 
(— 1940), four replications, same manuring as in A. 
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1942 — A. Machine-sown trials, plots 6,5 X 1,30 m. (8,84 in'), four replications, 
manuring as in 1941. B. Jland^sown trials (= 1940) but only three replications: 
200, 300, 400 kg saltpetre. 

1943 — A. Machine-sown trials, plots 6,5 X 1,36 m, (8,84 nr), four replications, 
manuring as in 1941. B. Hand-sown trials (= 1940'), three replications. 

1944 — A. Machine-sown trials, plots 6X 1,58 m. (9,48 m-). Three replications. 
Manuring 200, 300 and 400 kg saltpetre per hectare. B. Small machine-sown trial, 
plots 4 X 0,75 m. (3 ni“), three replications; 200, 300, 400 kg saltpetre. 

1945 — A. Machine-sown trials, plots 7 X 1,28 m. (8,96 m^), three replications, 
manuring 200, 300, 500 kg saltpetre. Mutants out of Golden barley, B, Same as A. 
Mutants out of Maja barley. G. Machine-sown trial, plots 3,7X1,28 m. (4,74 nr), 
two replicates, 200 kg nitrate of lime. Mutants out of Golden barley. D. Same as C. 
Mutants out of Maja barley. E. Same as C. Mutants out of Maja barley. F. As 
for G but only one plot of each number. Mutants from Maja and Ymer barley. 

Mutants showing reduced fertility were not included in the yield trials, nor 
were mutants that are fei’tile but vegetatively weak or abnormal (dwarfs, too late 
variants, etc.). A strong selection for rich tillering, for general viability and for 
fertility had already been carried out in the segregating Xa and Xa generations. 

The sowing and harvesting were effected by the barley department and carried 
out by the standard' method's applied by the Swedish Seed Association. 

In the years 1943 — ^1945 yield trials were also laid down at some of Ihe bi‘anch 
stations of the Seed Association. 

The mutual relation of the standards (the mother-lines) as well as 
their absolute yield has some significance in this connexion. In six 
years of mutation experiments Maja barley has been on an average 
12 % over Golden barley (lowest 7 % in 1943, highest 21 % in 1942). 
Maja barley averaged 4740 kg per hectare in the machine-sown trials 
of 1941 — 1945. The official trials for Malmdhus Ian, the administrative 
district in which Svalof is situated, show for the six-year peiiod 1938 — 
1943 a superiority by 10 % for Maja barley and for the same strain 
an absolute yield of 4140 kg per hectare. Thexe is thus rather good 
agreement between the Svalof figures and the official ones. Mutants 
out of Ymer hr were only tested one year (1945). Ymer barley br itselC 
gave the relative value of 97 in comparison with Maja barley. In the 
Seed Association's yield report for Ymer barley (strain hr, Granhall, 
1944) a relative figure of 99 is given. 

a. Morphological mutants. 

In the course of years nineteen vital morphological mutants have 
been tested for their yield. As shown by the following survey, the mu- 
tants have on an average produced yields 90 % of that of the maternal 
lines. Seven mutants stand about level with the mother-line or higher. 
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These are naturally the only ones of any great interest in this con- 
nexion. 

Yield (mother-line = 100) 

45 — 55 — 65 — 75 — 85 — 95 — 105 — 115 Average 


Golden mutants 3 5 2 ==10 89,5 

Maja mutants 1 1 1 4 =7 88, o 

Ymer mutants 1 1 =2 (98,o) 

Total 1 4 7 6 1 = 19 90,o ± 3,0 


Respecting erectoides 1 (Table 6) there are now so many data as 
to warrant the definite assertion that it is as highly yielding as the 
mother-line. It is further distinctly straw-stiffer (for the thi^ee years 
1943 — 1945 graded at 7,4 against 5,7 for the mother-line). The 1000 
grain weight and hectolitre weight are about the same as in the mother- 
line, and so are the protein and starch contents. The ripening time 
is slightly longer (one or two days). 

Erectoides 7 is a little inferior in respect of yield. Its straw- 
strength is however higher (the same as in the preceding case). It has 
a somewhat lower 1000-grain weight and hectolitre weight, and ripens 
distinctly later (two or three days). 

Erectoides 12 out of Maja barley has naturally enough a consider- 
ably higher yield than the two preceding mutants and is fully on a 
level with the mother-line. Its straw-strength is better ( 8,8 against 8 , 0 ), 
its 1000-grain weight and hectolitre weight about the same, likewise 
its earliness (possibly one day later). 

Erectoides 16, which showed a poor result in the trials of 1944 
hut a considerably better one in those of 1945, is the most interesting 
•of the morphological mutants from a practical point of view, especially 
on account of its pronounced pleiotropism. Its yield lies a little under 
that of the mother-line, but this is undoubtedly due to its extreme 
•earliness (six or seven days). Its 1000-grain weight is distinctly higher 
(41,9 against 38,5 grams), and so is its straw-strength (8,8 against 7 , 9 ). 
In 1945 it was also tested in northern Sweden, where its earliness may 
have some value. It has been crossed on a large scale with the earliesi 
commercial strains. 

Erectoides 13 is especially interesting on account of its extreme 
straw-strength (9,9 against 7 , 5 ). The hectolitre weight is higher but the 
1000-grain weight somewhat lower than the mother-line’s. It yields 
.somewhat less. 

The two bright-green mutants, which judging from the figures 
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rank level with or above the niother-line in yield, have not as yet 
been tested sufficiently long for a reliable opinion to be given. Mutant 
No. 3 was included in a small trial. Two different pedigree lines, 
howevei', were tested and gave the relative values 110, o and 101,7. In 
other qualities the two mutants stand close to the mother-lines. 

b. Physiological mutants. 

Thirty-one vital mutants have been tested in yield trials in the 
course of years, fifteen of them originating from Golden barley, six- 


TABLE 6. The yield of the seven best morphological mutants in barley^ 

(Parents = 100.) 


a r i e t y 

1940 

1941 

1942 

1943 

1944 

1945 

Average 

Golden barley 

E recto ides 1 

Erectoides 7 

100 

101, 3A 

100 

100,2.\ 

100 

101 ,aA 

92, «A 

100 

93, &A 
96, 7a 

100 
102, 5 A 
100,4 A 

100 100 
102, 3 A 104,9C 
97, 7a 100, oc 

100 

100, 0 
97,5 

Maja barley 

Erectoides 12 

Erectoides 13 

Erectoides 16 

Bright green 2 

i 

i 



1 

100 
99,5a 
93,2a 
85,!>a I 
95,8h 

100 100 
101,3b 99, 2d 
101, OH 

100, 5H 99, 5E 

1 1 08,8 H 

100 
100, 0 

1 97,1 
95,3 

1 102,3 

Ymer barley b, 

Bright green 3 : ped. 1 

1 ped. 2 

j 





100 

110,or 

101,7f 

100 

105, » 


(The letters behind the yield figures denote the experiment series of the year 
in question. Cf. p. 60.) 


teen from Maja barley. The average yield amounts to 94 i.e. a 
little higher than for the morphological group. The difference is not 
significant, however. 

Yield (mother-line — 100) ^ 

(55 - 75 — 85 — 95 —105-^115 

Golden mutants 1 1 7 5 1 = 15 93, o 

Maja mutants 3 4 7 2 = 16 94,9 

Total 1 4 11 12 3 =31 93,9 + 1,1 

Fifteen mutants are about equal to or better than their mother- 
lines (Table 7). Of the three mutants with relative values between 
105 and 115, one (44/7) was tested in three annual yield trials, and 
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TABLE 7. The yield of the fifteen best physiological mutants in barley^ 

(Parents = 100.) 


a 1’ i e t y 

Characteristics 

1940 

1941 

1942 

1943 

1944 

1945 

Aver- 

age 

Golden 

barley 

44/2' 

44/9 

44/7 

44/23 

44/14 

Late, tall 

100 

108,2a 

100 

11 0,0 A 

100 

88, 7a 

100 

99, 2 A 

100,5A 
101, 6A 

100 
109,3a 
104,7a 
111,3a 
101 ,9b 

100 

101.8 a 
99,5a 
113,7 4 . 

100 

102.3 

101.3 

108.3 
101,0 

Broad-leafed, late ... 
Large seeds 

Broad-leafed 



100,7li 

98,oii 

105,ib 

110,3B 

101,7B 
95,1 B 

103,3a 

103,6a 

102,r>A 

Straw-stilT, early 
ped. 1 



103,4a 

97,8a 

97, cb 


ped. 2 




103,8 

44/25 

Tall, stiff 
ped. 1 






ned 2 




98;7b 


98,3 







Maja 

barley 

44/18 

44/30 

Straw-stiff, earlv 

Seeds differently 
coloured 





100 

94,ia 

103,[)b 

100,2b 

100 

106, 5B 

102, 8B 
98, OB 
98, GD 

102,8n 
11 4 , If 

93,80 

96,30 

1 14,3o 

100 

100,3 

102,9 

44/31 
44/88 
: *14/76 

Broad-leafed, late ... 
Earl}’^ 





99,1 

98, G 

Waxy 

ped. 1 







ped. 2 






108,5 j 

44/85 

Tall, long ears 
ped. 1 








ped. 2 






95,1 

44/89 

Short 

ped. 1 








IDed. 






109,51) 

109, G 


ped. 3 






105, ID 

106,70 


44/91 

Tall, seeds differently 
coloured 

ped. 1 








ped. 2 






99, 7F 

103,2 

44/100 

Short 

ped. 1 






98, 7e 


i 

ped. 2 






94,9 E 

96,2 


ped. 3 


i 


1 

i 


94,9 E 


hence the mean value of these should be rather reliable. It deviates 
especially by its large kernels (the 1000-graiiV weight for the years 
1943 — 1945 was 43,2 as against 39,7 for the mother-line), its broad 
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leaves, short straw and at the same time higher straw-strength (6,;^ 
against 0 , 3 ), and is somewhat earlier than the maternal line (one day). 

44/89 is an apparently high-yielding mutant out of Maja barley, 
which it much resembles. It has a shorter culm, somewhat inferior 
^traw-strength but as against this it is about three days earlier in 
ripening. Three different pedigree lines of this mutant were tested in 
1945, each in two replications. All were substantially above Maja in 
yield. 

44/76 has a deviating kernel colour and is more waxy than Maja. 
It was tested in two series in 1945. The relative value is not so reli- 
able as in the preceding case. Its 1000-grain weight stands somewhat 
higher. The ripening time has been shortened a little (one day). 

Of the remaining twelve special mention may be made of the 
following. 

Much like Golden barley are 44/2 and 44/23. The former, a »late, 
iall» mutant, has been tested for six years and given the relative value 
of 103. In 1945 it was ten centimetres taller than the mother-line 
and five days later in ripening. Its straw-strength seems to be good 
in spite of the high culm (1943 — 1945: 6,2 against 5,3 for the mother- 
line). It is characterized by very great fluctuations in yield. These are 
probably connected with the variation in precipitation during the ve- 
getation period. Following the relatively dry summers of 1940, 1941 
and 1944 the yield was at 108, 110 and 109. During 1942, 1943, 1945 
with their rich rainfall it was at 89, 99 and 102 (see below). In the 
year 1942 thei'e was a heavy rainfall just at the time the mutant was 
earing (fertilizing time), with much lodging as a result. 

1940 1941 1944 1943 1945 1942 

Precipitation from sowing 


to harvest, mm 135 173 206 225 256 265 

Relative yield 108,2 110 , 0 109,3 99,2 101, s 88,7 


44/23, a segregate out of the same Xi ear as gave the »winter-barley 
like» mutant 2, deviates from Golden barley by its somewhat broader 
leaves (p. 32). Its 1000-grain weight is likewise a little higher ( 43,2 
against 38,5 grams). It seems to be one or two days later in ripening. 

Compared with the mother-lines, two mutants are distinctly straw- 
stiffer, 44/14 ( 8,1 against 6 , 2 ) and 44/30 (8,9 against 7 , 2 ). Three weaker 
in straw are 44/25, 44/88 and 44/91. Substantially earlier (up to four 
days) are. 44/18, 44/85 and 44/88. The last-mentioned is also charac- 
terized by high straw, long ears and high 1000-grain weight (44 , 1 
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against 37,o). Other valualDle mutants listed in Table 6 fluctuate round 
the mother-lines in earliness, straw-strength, 1000-grain weight, straw- 
height, ear-length. 

In addition to these thirty-one mutants, some variants have been included ia 
one or more annual yield trials. As it cannot he definitely proved that they have 
arisen as induced mutations, they are not included in the survey on page 62. One 
of them, 44/3, an extremely waxy, bushy 
and peculiar vra'iant, originated from 
Golden barley, was discussed on p. 33. It 
deviates considerably from all barley lines 
af Svalof, Besides the above-mentioned 
two qualities it is. characterized by extreme 
straw-strength (9,3 against 6,2). Unfor- 
tunately, it possesses a low 1000-grain 
weight (33,7 against 39,7), to a large ex- 
tent pwnng to the awns being shed at an 
early stage. The yield was: 

1942 1943 1944 1945 Average 

108,8 94,8 100,2 104,6 102,1 


B. TRIALS AT THE BRANCH STATIONS. 

The system of branch stations 
of the Swedish Seed Association 
takes in the Avhole country (see 
Map 1). In recent years certain mu- 
tants have been tested in regular 
trials at the Kalmar station, Ultima 
station, Vasternorrlaiid station (Lan- 
nas, close to Holm), and the Lii- 
lea station. The results are only to 
be regarded as preliminary. The 
trials will be repeated and extended. 

Map 1. The .stations of the Swedish 

Kalmar station. — In the year Seed Association. 

1945 the trials were stationed at the 

Ekerum farm in the island of Oland opposite the town of Kalmar. The 
district is characterized by severe suinmer drought and a dry, calci- 
feroiis, rather improductive soil. Five Golden barley mutants were 
tested.' The plots were 20 m" in size with four replicates of each num- 
ber. For Golden barley the crop per hectare amounted to 3025 kg. . A 
land variety peculiar to Oland (Lot) gave 2965 kg. The figures 
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Yield 

1000 -grain 

Ripening 


w^eight 

days 

Golden barley 

100 

36,7 

102 

Erectoides 1 

106,S 

36,5 

102 

44/2 

101,5 

36,0 

103 

uls 

98.0 

33,0 

100 

44/7 

120,1 

40,4 

100 

44/14 

109,9 

36,9 

100 

Land barlev 

98,0 

38,9 

101 


The high yield of erectoides 1, the large-kernelled mutant (44/7) 
and the upright early mutant (44/14) may be specially noted. The 
IQOO-grain weight for 44/7 is very high, whereas it is low for 44/3. 

Ultima station. — This branch is distinguished by severe drought 
in early summer. Four mutants out of Golden barley were compared in 
1944 and 1945 with their mother-line, likewise four mutants out of Maja 
barley in 1945. The size of the plot was 7,5 in' the first year, 10 m' 
the second year, and the number of replicates was four. For Golden 
barley the hectare yield in 1944 amounted to 2925 kg (manuring 200 kg 
superphosphate per hectare) and in 1945 to 3805 kg (manuring as in 
1944); for Maja barley it amounted in 1945 to 4230 kg. In 1944 the 
drought was particularly severe. The results were: 


Yield Average Straw- lOOO-grain Ripening 

1944 1945 ^ strength weight time, days 

Golden barley .... 100 100 100 3,3 45,1 ’ 101 

Erectoides 1 88,3 100,1 94,2 4,4 44,5 99,5 

44/2 113,9 102,1 108,0 2,4 46,7 105 

44/3 90,9 97,5 94,2 9,1 41,1 98,5 

44/7 95,2 113,5 104,4 8,5 47,3 101 


Maja barley 100 3,0 45,1 104 

Erectoides 12 .... 99,2 8,o 45,5 104 

» 13 95,0 10,0 43,G 104 

» 16 91,3 10,0 46,3 103 

44/18 98,5 8,G 45,9 103 


The late, tall mutant 44/2 seems especially adapted to the condi- 
tions at this station. A notable feature is the high yield during the 
dry summer of 1944 (p. 64). The large-kernelled mutant 44/7, out 
of Golden barley, attained a higher yield in 1945 than Maja barley, but 
in 1944 did not come even up to the level of Golden barley. Two Maja 
mutants are very close to their mother in yield [erectoides 12, 44/18). 

The high straw -strength in some of the mutants is of considerable 
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interest. In the year 1945 there were heavy falls of rain, which caused 
serious lodging. Exceptionally .straw-stiff were two erectoid mutants 
out of Maja barley, these being given the highest possible value, 10, as 
against only 3,9 for the mother-line, as well as the waxy peculiar mu- 
tant out of Golden barley, 44/3, with the relative value 9,i against 3,3 
for the maternal line. Two physiological mutants 44/7 and 44/18 sur- 
passed even the parents. 

Vdsternorrland station. — This station is the plant-breeding centre 
of central Norrland and is as a general rule characterized by a short, 
relatively dry summer (though much rain fell in 1945). Yield trials have 
been laid down since 1943. 


1943: Preliminary trials. Plots only 1 nr in size, one plot of each number. 
Three Golden-barley mutants were tested, viz, erect oides 1, waxy 44/3 and a deep 
golden-yellow chlorophyll aberrant 42/325, which in two annual yield trials at Svalof 
gave 10 % below the mother-line. 

1944: This year large machine-sown series were laid down. A. Erectoidei 1, 
44/3 and »late, tali» 44/2 ^vere tested. The plot size was 13,95 nr and the number 
of replicates four. The manuring consisted of 50 kg of superphosphate, 50 kg of 
potash and 150 kg of saltpetre per hectare. B. Tlie three mutants of the 1943 trials 
were sown in preliminary series. Plot size: 13,95 nr, one plot of each. Manuring: 
100 kg of superphosphate and 100 kg of potash per hectare. 

1945: Three machine-sowm series. A. Four mutants out of Golden barley. Plot 
size, 11,5 in“. Four replicates. Manuring 50 kg. of superphosphate, 50 kg of potash, 
50 kg of saltpetre per hectare. B. Four mutants out of Maja barley. Plot size 
7,5 m-, four replicates. Manuring as for preceding. C. Two mutants out of Golden 
barley, material grown at the branch since 1943. One plot of each, 13,5 nr. 

The yield for Golden barley was 4430 kg/hectare in 1944, 3830 kg 
in 1945; for Maja baidey 4530 kg in 1945. In normal cases the maternal 
varieties are too late for this area and consequently unsuitable for 
cultivation on a large scale. 
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All three Golden -barley mutants showed up better than the nia- 
teriial line in respect of yield. Especially valuable is the high straw- 
strength of erectoides 1 and 44/3 accompanied as it is by earlier ripen- 
ing (and earing). The late mutant 44/2 attains a strong vegetative 
development at the branch station and becomes lodged to a serious ex- 
tent. 

The previously mentioned golden-bright chlorophyll aberrant 
42/325 out of Golden barley deserves special mention here. At Svalof 
it gives a low yield (10 % below Golden barley). At Lamias it gave 
a relative figure of 119,5 in 1943 and a yield of 130,3 in 1944, i. e. very 
high figures. It eared and ripened in 1944 about a week before the 
mother-line. Unfortunately, uniform seed from the mother-line and the 
mutant were not sown in the year 1945. Thus, there is no reliable 
value for 42/325 for that year. The above-cited relative figures are 
suggestive of an altered physiological adjustment, presumably con- 
nected with the long length of the day in the area concerned. 

The yield of the Maja mutants is somewhat lower throughout 
than that of the maternal line. Erectoides 16 also combines here great 
earliness, increased straw- strength and higher 1000-grain weight. 

An interesting feature is that both Maja barley and its mutants 
are weaker in the straw than Golden barley and its mutants, a con- 
dition directly opposite that applying in South Sweden. A tendency 
in the same direction was already observed in the Ultima material. 
The waxiness mutant 44/3 is very straw-stiff, in 1945 straw-stiff er than 
all other material sown in a similar manner. 

Luted station. — This branch, lying as it does at 66° N. lat., only 
65 (English) miles south of the polar circle, has a short (although 
rather mild) period of vegetation. As a rule the rainfall is sufficient. 
The summer of 1945 was unusually long and hence the examined 
X-ray mutants, as also their mother-lines, were able to set ripe seed. 
The early six-row barley Vega was included in the tidals. 

The size of the plot was 6,4 m“ and the number of replicates three. 
Manuring consisted of 300 kg of potassium nitrate, 300 kg superphos- 
phate and 100 kg potash per hectare. The yield for Golden barley 
amounted to 2570 kg per hectare, for Maja barley to 3450 kg. The 
material of Golden barley and its mutants was derived from the 1944 
cultivations at Lannas, the material of Maja barley and its mutants 
from Svalof. 

Lulea presents a repetition of the results at Lannas concerning 
the inverse relation of the straw-strength of Golden barley and Maja 
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Yield Straw- 1000-grain Ripening time, 

strengih weight days 

Golden barley 100 5,3 49,1 94 

Erectoides 1 92,2 (5,7 47,1 9(5 

44/3 82,9 9,0 44,2 92 

Vega barley 87,5 8,0 43,4 80 

Maja barley 100 5,0 53,5 94 

Erectoides 12 103,2 6,7 51,7 98 

» 13 91,6 7,3 47,9 91 

» 16 97,7 7,3 54,7 93 (?) 

44/18 101,7 5,0 53,7 91 

Vega barley 88,1 8,0 45,9 79 


barley as well as their mutants. The waxiness mutant 44/3, in which 
the earliness is also increased, is the. straw-stiffest of all the mutants 
and substantially straw-stiff er than the maternal lines. Vega barle 3 % 
however, ripens almost a fortnight before. In yield the Maja mutants 
show up rather well. The figures however are almost only of curiosity 
interest. 

2. SOME QUALITY CHARACTERS OF THE VITAL MUTANTS* 

To meet all demands for direct practical value a vital mutant inusL 
not only have a high yield but also possess good 1000-grain and 
hectolitre weights as well as good straw-strength. If a mutant is to be 
of practical value, it should in addition have, used as feeding barle\% 
a high protein content, used as malt barley, special malting properties. 

The content of protein (or starch) has in the course of years been 
determined for seventeen mutants out of Golden barley and for eight 
mutants out of Maja barley (crude protein in % of dry matter). Golden 
barley itself has shown a protein content of 12,3 % as against 10, o for 
Maja barley in five annual yield trials. The Golden-barley mutants 
group themselves round their mother-line, the Maja mutants round 
theirs. Reduced in proportion to the average value of the mother-lines, 
the mutants are distributed as follows: 


9,45-9,95 

-10,45“ 10,95-1 1 ,45 

- 1 1 ,95 - 12,45 - 12,95 - 13,45 

-13,95-14,45 ^ M 


Golden barley 


X 

12,3 


Mutants 

1 3 

4 113 

2 . 2=17 12,3 


Maja barley 

X 


10,6 


Mutants 2 

2 3 — 

1 

10,5 



The above figures show very clearly that distinct group differences 
exist. No mutants have arisen with a specially high protein content 
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concomitant with a high yield. Among the Golden-barley mutants the 
best is then the peculiarly golden-bright mutant 42/325 with a 10 % 
lower yield at Svalof but at the same time a protein content of 15, i % 
as against 14,0 % for Golden barley (1940 — 1941). The best among 
the Maja mutants is erectoides 16 with a 5 % lower yield but a protein 
content of 10,3 % as against 9,3 % (1944). 

In the mutant material examined there exists a distinct correlation 
between high yield and low protein content. Putting the yield of the 
maternal lines at 100 and their protein content at 10,o, the relative 
values for the mutants will be: 


R el. yield 05 — 75 — 85 — 95 — 105 — 115 

Rel. amount of protein 11, co 10,83 10, si 9,7i 9,7o 

No. of mutants 1 3 5 15 1 — 25 


Respecting the starch content there is not much to say. Higli 
protein content is usually correlated to low starch content and vice 
versa. 

On material from the 1944 and 1945 yield trials the malting 
quality was determined in eighteen mutants, six of which were mor- 
phological mutants and twelve physiological. These mutants have a 
yield level with or above that of the maternal lines. They represent 
a one-sided selection from the point of view of quality also. The 
evaluation was carried out by A. B. Stockholms Bryggerier under the 
direction of Mr. H. Thun^us, Engineer. Mr. Thun^us has published 
a report of the results (1946), which has been taken as a base for this 
survey. 

Each sample was divided into halves and malting tests made on 
each half. The malt was analysed with regard to the extract content 
of fine and coarse grist, saccharification, vitreosity, and so on. In 
addition, determinations were made of the wort nitrogen in percentage 
of the total nitrogen in the malt, the diastatic power as a measure of the 
/^-amylase content and the starch liquefying power as a measure of the 
(x-amylase content. With the aid of the malting loss and the extract 
content of the malt the extract production was then determined in 
percentage of the steeped dry matter of the barley. In a malting barley 
variety of the first rank — according to the stipulations of the Swedish 
breweries — the soluble nitrogen must be above 38 % and the fine- 
coarse difference under l,t %. The diastatic power should be higher 
than 200 units. 



TABLE 8. The malting quality of the eight best mutants in Golden barley, (After Thun^us, 1946.) 
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Significance of varicly diff, 

P 

Smallest significant difference 

Series 2. 

44/76 

44/89 ped. 1 

ped. 2 

ped. 3 

44/91 

Maja barlev 

Significance of variety diff. 

P 

Smallest significant difference 

Series 1. 

Erectoides 12 

Erectoides 13 

Erectoides 16 

Bright green 2 
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TABLE 9. The malting quality of ten mutants in Maja barley. (After Thdn^us, 1946.) 



MUTATIONS IN AGRICULTURAL PLANTS 7^^ 


The figures submitted below have reference only to year 1945. 

In the morphological mutants tested (Tables 8 and 9) the malting 
properties have only been slightly altered, in some cases in a weakly 
negative direction, in one case in a positive direction. This is the 
more remarkable as other physiological properties have to some extent 
been considerably displaced. Probably the tested variants represent the 
very best both in yield and malting quality. Under all circumstances 
it is incontestable that morphological mutants may signify an improve- 
ment in straw-strength and earliness simultaneously with retention of 
the yield and kernel quality of the original lines. 

The group differences are very distinct, especially as regards the 
diastatic and the starch liquefying power. 

Of the physiological .mutants out of Golden barley (Table 8), one 
(44/3) is signalized by a wretched quality. One mutant (44/2) is 
practically identical with the mother line, possibly somewhat improved 
with respect to the quantity of nitrogen in the wort. The mutant 
44/14 seems to be slightly better, in any case as regards diastatic power. 
A decidedly superior mutant in the trial of 1945 is the broad-leafed 
44/9, which on account of its lateness and its feeble straw has no im- 
mediate practical value. 

. There remain the two mutants 44/7 and 44/23. Both are distingu- 
ished by considerably increased kernel size, the former also by a higher 
yield. At the same time the malting quality has risen considerably, 
especially in diastatic power and dextrinizing ability. The values here 
lie far outside the limits of error. The greatest interest attaches to 
44/23. In external qualities this is an image of its mother-line (p. 32), 
The straw-strength is exactly the same, and so is the yield. It would 
therefore seem justifiable to assume that the improved malting quality 
in this case is directly due to the increased seed size. From the same 
Xi plant there arose, besides this highly intei'esting type, three worth- 
less mutants, a winter-barley like mutant (44/65), a low-yielding straw- 
stiff mutant (42/13), and an albina mutant. 

Golden barley represents an original stage in respect of malting 
properties. Hydrolyzing enzymes certainly occur rather abundantly 
in this barley as compared with many other land varieties. By means 
of crossing and i*ecombination varieties have been produced in which 
these enzymes are elaborated in far greater quantities. Among these 
are Maja barley and its still better sister-varieties Kenia and Opal. It 
is therefore rather probable, as Thun^us has suggested, that these 
strains are less liable to mutate further than Golden barley. 
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In a Maja mutant (44/91) with long yellowish-brown ears and 
weak straw the quality has deteriorated disastrously. It falls even be- 
low the Golden-barley level so far as diastatic power and dextrinizing 
ability are concerned (Table 9). Despite this, its 1000-grain weight is 
enormous (1045: 11 and 12 % higher than that of Maja and Golden 
l)arleys) and it yields substantially more than both these strains. 

Three mutants (44/18, 44/30, 44/76) are roughly equal in quality, 
the two first-mentioned being possibly somewhat inferior as regards 
w<n-t nitrogen and diastatic poAver. 



Fig. 11. The extreme difference in earliness belAveen crccfoides 16 (to the left) and 
ils" mother strain Maja barley (to the right). Photographed on June 22, 1946. 


Yield experimeuts. 

The late mutant 44/31 seems to Jte definitely superior in regard to 
diastatic poAver. Strangely enough it has a Ioav 1000-grain weight. The 
mutant 44/89 seems to be clearly positive. On an average it gives a 
10 % higher yield than Maja (1945) and at the same time shoAvs a 
distinct improvement of the diastatic pOAver in two of the three pedigree.s 
examined. The lOOO-grain wmight is almost exactly the same. If these 
results hold on re-examination, it will be possible, even in so eminent 
a variety as Maja barley, to induce mutants that improve the quality 
and simultaneously increase the yield. 
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The weather conditions affect the malting results in a high degree. 
The trials reported above must therefore be judged with due caution. 

3. RELATION BETWEEN THE YIELD OF THE MUTANTS AND THE 

X, FERTILITY, 

The mitotic injuries increase in frequency and strength in the 
measure the X-ray irradiation is intensified. At the same time the 
chromosome breaks increase in number (with translocations and in- 
versions as a consequence), the re-arrangements become grosser, the 
gene mutations increase. Those seeds which after being X-rayed give 
rise to the most sterile Xi plants should therefore contain the highest 
number of deficiencies, inversions and translocations. Gene mutations 
which cause visible changes in the phenotype are consequently often 
combined with gross structural re-arrangements, in the same or in 
other chromosomes 

The results' seem to show that some connexion exists between 
the yield of the extracted mutants and the fertility of the corresponding 
Xi plants. The fewer chromosome aberrations in the irradiated seeds 
the greater is the general fertility in the Xi, X2 and later generations 
and at the same time the higher is the yield of the isolated mutants. 

A distinct even if feeble positive correlation can be demonstrated 
for the morphological as well as for the physiological mutants, whether 
they have arisen from Golden barley or from Maja barley. The 
fertility is known for seventeen morphological and twenty-nine phy- 
siological mutants, which have in addition been tested in one or several 
annual yield trials. For the whole material the regression coefficient 
{b) amounts to 0,58, which implies that the fertility increases by 0,0 % 
for every one per cent increase in the yield. The correlation coefficient 
(r) is 0,32 and its P value 0,o2. 

The tested mutants out of Golden barley show a stronger corre- 
lation (r = 0,52, 0,02 > P > 0,01). For the Maja mutants r is only 0,n 
and P > 0,20. The low correlation coefficient for the last-mentioned is 
probably to some extent due to the average fertility having fallen more 
profoundly in the Golden-barley material than in the Maja series, with 
a more powerful interference in the genotype as a consequence. But 
it may also be associated with the fact that the yield figures for the 

^ Theoretically, mutant individuals that are phenotypically identical but geno- 
typically dissimilar may be isolated from a segregating X 2 generation. Different 
pedigree lines can therefore give different yields, depending upon whether they are 
nfflicted with deficiencies and lethals, or are quite free from such. 
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Maja mutants are not yet entirely reliable. The general course of 
events is however the same. 

Physiological mutants, taken separately, give a P value of 0,o5, 
morphological mutants a P value greater than 0,o5. The probable 
existence of a correlation in the last-mentioned as well is shown by the* 
following survey. 

Fertility of the Xj plants in percentages 
10 — 20 — 30 — 40 — 50 — 60 — 70 — 80 — 90 — 100' 

Yield for Golden 
mutants, Golden 


=:=100 80 83 89 89 83,92 91,98 

Yield for Maja 
mutants, Maja 

= 100 5 : 1 , 76,95 95,102 97,100 


The occurrence of a correlation is further confirmed if the mu- 
tants are divided into two groups, one compidsing mutants equivalent 
to or better than the maternal lines (relative values 95 — 115) and the 
other containing mutants that are inferior to the mothers (relative 
values below 95), and the average Xi fertility is then determined for 
each group. 


Morphological mutants Equivalent or better 

» » Inferior 

Physiological mutants Equivalent or better 

» » Inferior 

Total Equivalent or better 

» Inferior 

According to this method of computation the difference within the 
morphological group is rather considerable, but is less prominent within 
the physiological group. 

Of the eleven mutants in the morphologically drastic group, which 
in general show a low Xi fertility, only two have so far been tested 
in yield trials. They were conspicuously inferior. The rest set little 
seed. If they had been tested in yield trials also, the correlation 
coefficient would undoubtedly have increased considerably. 

If this view is correct, the plant-breeder who wishes to employ mu- 
tations in his work must seek the middle way between two extremes^ 

(1) he ought to produce so great a number of vital mutants as possible, 

(2) he ought to exclude the lethalizing effect that appears after high 


Average 
fertility 
84,00 ± 4,15 % 
66,65 ± 6,20 % 
76,93 ± 4,32 % 
65,27 ± 5,85 % 
79,50 ± 8,43 % 
65,77 ± 4,09 % 


D/m n 


2,33 

1,61 

2,48 


6 

11 

14 

15 
20 
26 


0,05 > P > 0,02' 
0,2 > P > 0,1 
0,02 > P > 0,01 
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X-ray doses and high Xi sterility. This difficulty was already stressed 
by Stadler in 1930. 


4. CONCLUSIONS* 

Among morphological mutants out of Golden barley, erectoides 1 and 7 were 
tested in yield trials over a long series of years, the former also at some of the 
branch stations of the Swedish Seed Association. In fifteen series of trials (each 
with several replicates) it gave a relative jdeld of 101. It shows a substantially 
increased straw-strength and may be denoted as a progressive variant. 

Maja barley has the highest yield of all the sufficiently tested South-Swedish 
strains. In six series erectoides 12 gave a relative value of 100 and showed a con- 
siderably increased straw-strength. Erectoides 16, with better straw-strength and a 
considerably higher 1000-grain weight, gave — in spite of its increased earliness by 
six or seven days — a relative value of 95 in six trial-series. Both these mutants 
may be denoted as progressive. The same applies to erectoides 13 with its enormou.s 
straw-strength. 

Among the physiological mutants out of Golden barley special mention may be 
made of a »late and tall mutant», (44/2), which was studied in eleven trial-series 
and gave the relative value of 104. The high yield is probably associated with the 
longer and kcniel-richer cars. Its ecological requirements seem to be changed. The 
straw-strength is about the same. A very waxy, peculiar mutant (44/3) was awarded 
the relative value of 99 in twelve series, and belongs to the straw-stiff est observed in 
the Scandinavian assortment. Unfortunately, its 1000-grain weight is very low’. 
Mutant (44/7) is extreriiely high-yielding, with an exceedingly high 1000-grain weight 
(more than 10 % above that of Golden barley). - In six trial series it gave the 
relative figure 109, thus ranking almost level with the Maja barley. 

Of still greater interest, of course, are the best physiological mutants out of 
Maja barley. In five series the mutant 44/18 gave the relative value of 99, but, 
moreover, is considerably straw-stiffer and ripens quicker. The best, however, seem 
to be the mutants 44/89 and 44/76, which, to be sure, were only tested in the year 
1945 but in several pedigree series ’svere then about 10 % above Maja barley. In 
addition, 44/89 has a more copious tillering, a higher kernel number per ear, and 
ripens earlier than the mother-line. 

The highest yielding mutants were also investigated with respect to their malting 
properties. In some, the diastatic activity (/^-amylases) and starch liquefying power 
(a- amylases) had been considerably reduced. In Golden barley with its relatively 
low content of decomposing enzymes valuable variants seem able to arise com- 
paratively easily. The most interesting is a mutant that reproduces perfectly the 
Golden-barley type in outer respects hut deviates by somewhat broader leaves and 
an essentially increased 1000-grain weight. The last-mentioned quality is accom- 
panied by a considerably improved malting quality. This is also the case in the 
large-kernelled mutant 44/7, which in addition produced a rich yield. The highest 
producing mutant from Maja (44/89) likewise seems to possess improved malting 
properties. 

Finally, it is showm in this Chapter that a 'weak but distinct correlation exists 
between on one hand the Xt fertility of the mutated original plants (a measure 
of the X-ray effect) and on the other hand the yield of the pure-bred mutant, in 
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conformily wiih Stadler's assumption (1930). A mutation with a positive action 
is often accompanied by mutations having lethal effects, 

Vil. MUTANTS IN OTHER AGRICULTURAL PLANTS. 

1. WHEAT. 

Earlier results. — In the diploid species T. monococcum and aegilopoides 
(Smith, 1936, 1939) spontaneous as well as induced chlorophyll aborrants are 
readily formed. These are rare in the tetraploid’ stage and almost never occur in 
the hexaploid. Froier (1946) has especially stressed' the different facility with which 
chlorophyll mutants arise in hexaploid oats and hexaploid wheat. The hexaploids 
of the two genera are probably genomically differently constructed. 

In wheat polyploids also, however, a couple of cases of chlorophyll aberrants 
have been observed, especially after crosses between tetraploid species among them- 
selves and between tetraploids and hexaploids (Froier, l.c.). An undoubted chloro- 
phyll mutation, spontaneously arisen, rvas observed by Neatby (1933) in hexaploid 
wheat. It was of virescens type, i. e. white as seedling but turned green later and 
could even produce seed in the homozygous state. This virescens type proved to be 
instable, for it mutated (1) back to the normal state, (2) to pure albina, and (3) 1o a 
second virescens type with considerably slower chlorophyll formation. Schwarnikow 
described (X936 a, p. 477) a pale-green normally fertile mutant, which may belong 
to the viridis group and which arose in the progeny of heat-treated seed. He like- 
wise found solitary » chlorophyll mutations» in progenies from aged seed (1937), 

An important group of lethal or sublethal mutants consists of the so-called 
speltoids, which were first described by Nilsson-Ei-ile (1917) and were later in- 
vestigated by him and a long series of other workers. The speltoids may be divided 
into A, B and C types, according to disturbances found in the segregation and 
specific cytological anomalies. Of special value for the whole speltoid problem was 
Wince’s hypothesis (1924) of the connexion of these mutations with chromosome 
deviations. Uci-iik.awa (1941) has recently published a survey of this region of in- 
vestigation. The so-called compactoids arise as secondary phenomena in the 
and Fs. The iTequency of the speltoid mutations ranges from about 0,1 to 1 %. 

Schwarnikow (1937, 1939) has shown that the number of speltoids as well as 
of sterility mutants, dwarfs, etc. i.s very substantially increased in progenies from 
aged seed. Seed that has been stored for about ten years germinates very badly: 
in twelve samples (9 — 11 years old seed) of two varieties the germination amounted 
to 40 %, while the control showed S8 %. In the same material the mutation fre- 
quency (calculated on the number of plant progenies) increased to 17 %, the 
majority of which consisted of lethal and sterile products, especially speltoids. 

The same author also found (1936) that temperatures of 40° — 60° C. consider- 
ably raise the number of mutants, in the L progenies. A temperature of 40° for 21 — 31 
days produced an aberrant frequency of 32 %, 60° for 16^ — 26 days a frequency of 
45 %, The mutants that were isolated usually possessed a lethal character; they 
were dwarfs, narrow-leafed variants, speltoids, small-eared and light-green types, 
etc. But there also appeared vital mutants with increased w’laxiness, red-brown ears, 
rather dense ears, and increased straw-strength. The control material, which how- 
ever was not particularly large, did not give a single aberrant. This method of 
inducing vital mutants requires further study. It can he definitely asserted that it 
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has not the same effect in diploid barley, even at higher temperatures. Still, the 
results are worthy of the greatest attention. 

Lewicki (1922) found in T. durum var. coeruleacens a mutant with »fragile 
spikesw and hairiness at the base of the spikelels. These properties characterize 
r. dicoccoicles, which is regarded as an ancestor of cultivated ■wheat. In addition, 
the mutant differs considerably from the parent line by its longer straw and 
spikelets. 

Coffman (1924) observed solitary aberrants out of the variety Miiidum from 
T. durum, probably arisen through mutation and characterized by supernumerary 
spikelets in the lower portion of the heads. Similar forms have been described by 
Meunissier (1918), Perctval (1921) and Kajanus (1924), but it has not been clarified 
whether they have arisen by mutation or segregation. 

Ghristiansen-Weniger (1926) found a peculiar mutant in, the spring-wheat 
variety »Green Mountain)) with a very wide range of modification, the form of the 
ear varying from long and spelta-like to dense compactoid, in extreme cases deviating 
greatly from the average type without there being hereditary differences. 

Kolkunov (1928; Biol. Abstr. 7, No. 17723) measured year after year the 
stomatal length in a number of pure lines of wheat. Out of the strain :>Banatka-, 
itself rather large-celled, a form with exceptionally large stomata and reduced awns, 
probably arising by mutation, was isolated in extensive selection experimciils. The 
mutant was to some extent dwarf-like, had a feeble reproductive system, and was 
sensitive to frost and drought as well as to attacks of saw flies {Cephiis sp.) . 
Kolkunov considers that ;>a mutation in cell-size may appear in any pure line:). 

Dekaprelevich (1929), according to Biol. Abstr. 7, No. 343, has observed a 
mutant with a long lax spike, long rachillas, and coarse wide empty glumes, maturing 
more slowly than .the parent line. He compares the mutant in cfuestion with the 
speltoid type and explains the strong pleiolropism as a result of a group of linked 
genes having mutated. 

X-ray mutants have been produced in diploid species (T. monococcum. 
Stabler, 1929; Smith, 1936, 1939), tetraploids [T. durum, Sapehin, 1935), hexa- 
ploids (Delaunay, 1930, 1931, 1932, 1934; Sapehin, 1930, 1934, 1936; Fondard et 
Cauasson, 1939; Kanjan, 1940; Gustafsson, 1941a). Cf. Froier, 1946 a. S'L'adler 
produced chlorophyll aberrants only in T. monococciim and found there a mutation 
frequency comparable with that of barlej^. In the same species as well as in the 
closely related T, aegilopoides Smith isolated about 400 mutants, 80 of which, i. e. 
every fifth mutant, were viable in the homozygous form. 

According to Smith, solitary mutants are formed with a strong morphological 
effect accompanied by high vitality and fertility. To these belong niut. blaristatum 
(ha-a]\ well-developed awn on the lemma of each of the two florets of a spikelet; 
milt, compactoides {c-1, c-2): rachilla shortened, the mature plant somewhat dwarfish 
with thick, bristle culms; miit. »awned gliimae:) {ga) : both outer glumes with awns, 
the awn of the lemma reduced, glumes soft, seeds easy-shelled; mut. »wiry» (wi) : 
young leaves narrow^ and stiff, fertile only in green-house cultures. In addition 
there is the morphological mutant densinodosum (mi): many and short internodes. 
The mutant does not develop seed in field cultures, and does so poorly in the green- 
house. Of very great interest are two earliness mutants (e-1 and e-2), one of which 
under field conditions is three weeks earlier than the mother-line. The other is not 
quite so extreme but is more vigorous. 
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The Kussiaii investigators cited above, who worked with T. durum and 
T. vulgare, have attained valuable results. They have generally irradiated growing 
plants at anthesis. In this way extremely powerful chromosome disturbances arc 
induced that are unmasked in the progeny from the irradiated plants. The Xj 
planTs are ^-extremely polymorphic» and in the great majority of cases »characterized 
by chromosome aberrations» (Sapehin, 1936, p. 36). (Cf. also Delaunay, 1930). A 
close" positive correlation was found between the degree of nuclear abnormalities 
and the degree of phenotypic changes. 

T. vulgare has been carefully studied, Delaunay (1934) divides the mutants 
produced into seven groups: (1) awned forms, (2) speltoids, (3) dense-eared, 
(4) point-glumed forms, (5) dwarfs, (6) other clear mutants, (7) undoubted mutants 
that are difficult to characterize. In certain cases an induced mutation frecpiency 
is obtained of 60 % as against a spontaneous frequency of 0,1 %, i. e. an increase 
by 600 times. Sapehin (1936) finds minor variations in the form of the glumes 
and in the density of the spikes, numerous speltoids and semispeltoids, single dwarfs, 
etc. Spring and winter forms behave similarly. 

In Sapehin’s experiments (1935) T. durum gave fewer mutants than T. Dulgarc. 
There would however seem to exist no fundamental difference in behaviour. 

The two Eussian investigators la 3 r great stress on the value for plant breeding 
of the results obtained. sArtifical mutations are becoming a valuable method in plan I 
breedings (Sapehin, 1935). In his comprehensive work of 1934 Delaunay expresses 
himself to the same effect. Whether some of the induced mutants actuallj^ obtained 
practical value in the USSR, is not known. No yield figures have been published. 
The method of X-raying growing plants certainly gives many mutants but is ctis- 
iidvantageous from other points of view. 

Gustafsson (see 1941b, p. 241) X-rayed in the mid- thirties seed from Pudel 
wheat (a white-kernelled variety) and obtained speltoids, straw-height mutants, 
dense-eared straw-stiff types, several of them fully vital to judge from appearances. 
They have however not been studied further. Pudel wheat is now devoid of an}" 
practical value. In this case it can be positively asserted that spontaneous crossing 
or contamination of seed cannot account for the origin of the variants. 

Moritz-vom-Berg (1935) described a mutant in T. vulgare produced by treat- 
ment with acetic acid, and Bynov (1938) considered that he had induced mutants 
by means of electric currents. 


ISIew results. — Experiments carried out jointly by Froier and 
Gustafsson with a view to producing practically valuable variants liy 
the mutation method have confirmed the results of the Russian in- 
vestigators. With suitable X-raij doses a mass mutating sets in, not 
only with regard to speltoids but also compactoids, awn mutants, vital 
mutants with changed straw-height, straw -strength, earliness, tillering. 
On the base of the pure line or the homozygotized cross-product there 
arises a new polymorphy that is not inferior to that of the original 
land varieties. The survey given below illustrates this (for further 
details, see Froier, 1946 a, b): 
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Number of 



Number of 

X 2 families 

progenies 
segregating 
for speltoid 

Other mutations 



mutants 


spring wheat 

Kolben 10.000/- 

16 

3= 19 % 

Ear density, length of 




awns 

» 10.000 r 

207 

89 = 43 % 

Ear density, length of 
straw, breadth of leaves 

:> 15.000 r 

33 

12 36 % 

Length of straw% tillering, 
earliness 

Diamond 11 10.000 r 

100 

46 = 46 % 

Straw stiffness, length of 
awuis, ear density, ear- 
liness 

Winter wheat 




Gluten 20.000 r 

m 

I0:z. 13 % 

Compactum, straw height, 
ear density, awnness 

Scandia III 15.000 r 

617 

52= &%’ 

Compactum, awnness, 

straw height, earliness, 
other properties 

» 20.000 r 

427 

61 = 14 

Compactum^ awnness, 

other properties 

Controls 




Spring wheal 

100 

— 

No obvious changes 

Winter wheat 

339 

— 

No obvious changes 


Thus, in certain cases the speltoid frequency amounts to 40 — 50 % . 
The number of other mutants is occasionally very high. In all, con- 
trols of 439 plant progenies have been examined, and in these not a 
single speltoid mutant has been observed with certainty. Scandia III 
is a commercial strain of high value, which is not yet completely uni- 
fonn. Its variation was slight in the control tests as compared with 
that of the Xo material. 

Mr. J. Mac Key, who has taken over the genetic and cytologic 
analysis of the numerous speltoid and conipactoid cases, has made a 
further inventory of some of the Xo material in Scandia III (20.000 r) . 
In fifty Xo families ten (20 % ) were observed that contained speltoids, 
four (8 %) contained compactoids (partially modifications?), and 
thirty-one contained single or numerous long-eared types. Several 
of the last-mentioned are certainly distinguished from the normal type. 
Awn mutants and sterile forms have also been isolated. 


^ Preliminary calculation. 


Hei-Cditas XXX HI. 


6 
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Although yield trials and quality analyses have not yet been car- 
ried out, it is clear that the wheat-breeder can produce vital mutants 
of practical value by means of X-ray treatment. The mutants appear 
in flocks to a larger extent than in l^arley, probably owing to the fact 
that the barley mutants are often derived from point mutations, while 
the wheat mutants are associated with chromosome aberrations, point 
mutations here only exceptionally giving a phenotypic effect. Froieu, 
Gelin and Gustafsson (1941) found, after 20.000 r-units, no fewer 
than 94 % disturl^ed cell-divisions in the germinating seed of T, viilgare. 
Chlorophyll mutants of albina type have never been observed, although 
solitary ones of uiridis or albovtridis type have. According to Gustafs- 
son, these are to a large extent due to chromosome disturbances. 

2. OATS. 

Earlier results. — Spontaneous chlorophyll mutants arise now and then also in 
(he hexaploicl Avena sativa (see Table 1 in Froier, 1946 a). Both plastid and chro- 
mosome mutations are known, the latter usually being of albina or viridis type. Of 
special interest is Akerman’s investigation of a sublethal lutescens variant (1922). 
The monoheterozygote can here he distinguished, while di- and Iri-heterozygoles 
have a normal appearance. This chlorophyll aberrant, however, was not formed 
by mutation but after a cross between a monofactorial and a bifactorial line. The 
chlorina type described by Akerman and Froier (1941) arose, on the other hand, 
as a mutation. 

More or less sterile dwarfs arise not so infrequently (Warburton, 1919; 
Stanton, 1923; Goulden, 1926). Stanton observed both a recessive and a dominant 
dwarf. Zhegalov (1920) found a peculiar mutation that caused giant growth. 

The so-called fatiioid mutant.s must be denoted if anything as sublethal. They 
were first described by Nilsson-Ehle (1911 a), who akso showed that the hetero- 
zygote is intermediate and referred it in 1921 to the category of complex mutations. 
Huskins (1927, 1933) divided tlie fatiioids, in agreement with the speltoids in wheat, 
into different groups and con.sidered them to have arisen as a consequence of chro- 
mosome aberrations. Jone.s (1930), who also isolated so-called subfaluoids, ap- 
proached Nilsson-Ehle’s view. The repeatedly advanced opinion that the fatuoid.s. 
were cross-products between A. sativa and [atua has been definitely refuted (Akerman 
and Bader, 1938). 

Far more important from the point of view of vitality are the kernel-colour 
mutants. These were also first described by Nilsson-Ehle (1911b). In a seed- 
parcel of 700 kilograms of black oats he found 2.891 deviating kernels, 2,774 of 
which were grey, 115 white (and 2 yellow). Most of the grey and white kernels Iiad 
probably arisen through mutation. Akerman and Froier (1941) found one mutated 
kernel per 2.000 kernels in the widely cultivated black-oat varieties Engelbrekt II and 
Stormogul. The two commercial strains mentioned are monofactorial with regard 
to the black colour. By a successive transference of the cultivated varieties that are 
monofactorial to bifactorial, the number of white and grey kernels in Ihe seed is. 
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brought down substantially. The kernel-colour mutants are vital, although the yield 
is somewhat reduced' (Akerman, 1929, p, 602). 

A sporadic morphological mutant was described by Coffman and Quisenberry 
(1924). It arose out o! Burt oats (A. hyzantina] and showed very strong pleio- 
tropism. The kernels were partially naked; 40 — 50 % of the caryopses were hulled 
by the threshing. In addition, the glumes were long, the spikclets 2 — G-florate with 
elongated rachillas, causing the florets to extend beyond the glumes, and the 
ripening time shortened by several days. 

In another case (Coffman, Parker and Quisenberry, 1925) plants were observed 
ill which the paleas of the kernels did not fuse with the caryopsis. In some of these 
plants the palea was curled away from the lemma, leaving the caryopsis exposed. 
The character was genetically controlled. Naked kernels were described before that 
by Love and Me Rostie (1919) for some plants in the variety Sixty Days, hut the 
nakedness was not transmitted here to the progeny. 

According to Martinet (1928), a peculiar variant, called ^^soldanelle arose as 
a mutation out of a Swiss strain of oats. It is characterized yellow kernels and 
is very early. The strain in question formed, in fact, x-many mutations®. The same 
variant also arose after a cross between the Swiss strain and a Canadian variety. 

Stadler (1929) induced chlorophyll mutants in diploid Avena species, though 
not in A, saiiva. 

Derrick and Love (1937) X-rayed a dwarf form of oats. Fi'om 332 caryopses 
there arose eleven fatuoids of dwarf type. 


New results. — In his work of 1946, Froier describes a large num- 
ber of induced chlorophyll aberrants in diploid and hexaploid .species. 
As yet, no such mutants have been obtained from tetraploids owing 
to insufficient material. Suitable doses for the three polyploid classes 
are 5.000, 5 — 10.000 and about 15.000 r. The chlorophyll mutants be- 
have as in spontaneous material and can be grouped in the same way 
a.s was done for barley (p. 17). However, judging from the tables, at- 
bina mutants are relatively commoner in the diploid than the hexaploid 
representatives. This may be due to the fact that albina mutants ai4se 
to a large extent as gene mutations, while xantlia and still more viridls 
types are largely correlated to gross chromosomal re-arrangements. 
Fifteen albina mutants in A. strigosa and brevis showed, as a matter 
of fact, an avei^age fertility of 64 % in the Xi plants from which they 
were derived, twelve virklis mutants a corresponding value of 41 %. 
The average difference thus amounts to 23 %. 

Of great interest is the different mutability which Froier found 
in hexaploid commercial strains after X-ray treatment. 


Stormogul 
Victory 
Golden Rain 
Clock II 


gave 12 genetically controlled chlorophyll aberrant.s 

» 1 3 >> » :■> , 
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Stormogiil gave 
Abeds Nova 
Sapeli 

EngelbrektII 


12 genetically controlled chlorophyll aberrants 


0 


This dilTerence seems to be due to unequal reduplication ol chlo- 
rophyll-determining chromosome parts. 

Induced fatuoids have not arisen at all in the Svalot experiments. 
Nor has the frequency of the spontaneously so numerous kernel-colour 
mutants been noticeably increased. 

VUal mutants have been obtained in A. strigosa, A. brevis and A. 
satlua. A. strigosa is cultivated very little in Europe, and then in dry 
and poor soils in northwestern Germany as well as in certain parts of 
Great Britain and Ireland, and hence it has but little economic value. 
Several mutants were isolated out of a line of this species, among others 
a form with a silvery colour on lemma and palea and a lower culm 
(mut. argentea, according to Froier) and a substantially earlier, more 
rapidly withering form, likewise with a shorter culm. Further, phy- 
siological mutants that merely altered the straw-height (in a positive 
or negative direction) or tillered to different extents were not un- 
common (Froier, 1946 b). 

In A, brevis there were observed mutants in straw-height, ripening 
time (a striking earliiiess mutant) as well as a mutant with the phy- 
logenetically important property that the spikelets (the fruits) loosened 
on ripening. 

In A. satlua mutants have been more especially obtained from the 
black-oat variety Clock IL This arose at the beginning of this century 
as a spontaneous cross between Golden Rain (white-kernelled) and 
Clock (black-kernelled). The length of the culm is rather easily in- 
fluenced, positively as well as negatively. Awn mutants have been 
isolated. Different earliness mutants have been observed, one of which 
in comparative cultivation was specially striking. Besides the last- 
mentioned mutants, which have practical value, types have also arisen 
that ripen very late, up to fourteen days after the original line. Diffe- 
rent gradations in lateness occur. In Stormogul, a black-oat line al- 
ready isolated in. 1889, solitary straw-height mutants have been induced. 
But this as well as the white-kernelled Victory oat, which has given 
a couple of lateness mutants, are more stable than Clock II with re- 
gard to vital aberrants (cf. Golden barley, Maja barley, Ymer barley, 
p. 49). 
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The results in hexaploid oat are very promising for future muta- 
tion work. r'ROiER has carried out a large number of crosses with the 
best earliness mutants. 


3, FLAX. 

During several years iiTadiation experiments have been carried out 
on fibre and oil flax (Granhall). The suitable X-ray doses are between 
30.000 — 40.000 r. In the Xa and Xg generations strong selection has 
been carried out for tall and for short straw, high and low seed-con- 
tent. Such a selection leads to tangible results. It has however been 
found that the spontaneous crossing frequency is rather high, and 
that pure lines grown next to one another gradually become hetero- 
geneous as a consequence of hybridization. The results of the X-ray - 
ing were therefore not unexceptionable, and the experiments had to 
be commenced afresh. No cases of chlorophyll mutations have been 
observed. 

Such have however been demonstrated by Levan (1944). In the 
pi’Ogeny from irradiated seed of diploid Hercules and ConcurrenI; 
three mutants arose, two of which were lethal or sublethal. Cultivation 
of the third mutant (out of Concurrent) on a large scale has given 
extremely interesting results. In colour this mutant is yellowish-green 
and grows more slowly than normal plants; eventually, however, it 
attains the same height and sets abundant seed. 

Granhall (1946, Table 1, p. 296) has found that the mutant is 
fully vital, in spite of the fact that it must be denoted as a chloro- 
phyll aberrant (cf. mut. 42/325 in barley, p. 68). Its yield, so far as 
straw production is concerned, is above that of the mother-line. The 
seed-yield is about the same. At the same time, however, the content 
of long fibre is higher. 


Straw yield kg/liectare Seed yield kg/hectare ^ 

weight 



1944 

1945 

Relative 

yield 

1944 

1945 

Relative 

yield 

Average 

gf- 

Concurrent . . 

, 5330 

4570 

100 

1680 

1350 

100 

5,0 

Mutant 

. . 5630 

4850 

105,9 

1750 

1290 

99,9 

5,3 


The mutant has a somewhat lower lOOQ-grain weight. The un- 
altered seed-crop ought therefore to be due to a higher number of 
capsules per plant or more seeds in each capsule. 
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Flax is oF veiA^ great interest from a mutation xmint of view. At 
about the same time as Baijr, Tine Tammes (1925) framed her hypo- 
thesis on the evolutionary importance of »Kleimmitationen». In the 
light of the rather high frequency of spontaneous crossing it is possible 
that many of the variants that slie studied depend on segregation 
rather than on mutation, 

4. SOME OTHER KINDS OF PLANTS. 

A few words may be awarded to mutants out of soy-beans (An- 
DERSSON, 1944, p. 291). On account of the poor weather' conditions 
in the years 1940 — 1942 a lai'ge part of the original material was 
ruined. Still, several interesting mutants have been obtained. 
Some may be denoted as morphological, for instance, those with aii- 
otlier seed-colour, presence of anthocyanin, entirely new mode of 
growth. Physiological mutants have also arisen, though none un- 
fortunately show so advanced an earliness as the corresponding types 
in barley and oats. The work is going on to a large extent. Two 
X-ray selections out of Altonagaard AI gave in the 1944 and 1945 
trials the relative figui’es 116 and 108 as regards yield, and ripened 
three and two days earlier. 

Extensive trials have been carried out on oil-turnips and mustard. 
These are not entirely self-fertilizing. From the common spi'ing 
variety Regina oil turnips a homogeneous line has been obtained which 
ripens some days earlier and grows much faster in seedling stage. This 
is one reason it is not so severely attacked by flea-beetles. This new 
variety has been tested in a great number of yield trials in southern 
Sweden. In Svalof its relative yield lies at 105 (mean of 1944 and 
1945). In five other places its yield averages 111. Its content of 
fats is 59,3 % against 58, a % for the original strain. No similar varietij 
has ever arisen in pedigree cultures. Its striking habit of growth makes 
an origin by means of miitatiou highl^' probable. 

In mustard several mutations have been isolated, some of them 
influence flower colour (diffeiTUt gradations from yellowush to white). 
X-ray pedigrees have increased yield considerably (44/113: rel. 
yield 113, 44/156: 109). A great number of lines have been tested. 
Their origin by means of mutations cannot be definitely stated. From 
a practical point of view this is of course immaterial. 

Full accounts will be published by Dr. Andersson. 

Some interesting mutants have been isolated also in sweet-lupine. 
Data concerning these will be published later on by Dr. Tedin. 



MUTATIONS IN AGRICULTURAL PLANTS 


87 


VIII. GENERAL SURVEY OF THE RESULTS* 

Mutation types. — In cereals spontaneous and induced mutants 
may be conveniently divided into three groups: (l) chlorophyll mu- 
tants, (2) sterility and lethality mutants of different kinds, and (3) vital 
mutants. The chlorophyll mutants are so characteidstic that they 
should strictly be kept separate from the sterility and lethality mu- 
tants. Spontaneous and induced chlorophyll mutants are common in 
diploid organisms but become rare in the polyploid. This applies 
especially to albina types. In polyploid wheat and oat species speltoid 
and fatuoid mutants take the ascendancy instead. 

The vital mutants are characterized by normal fertilit}'’ and show 
no noteworthy lethality in the vegetative stage. They may con- 
veniently be divided into a morphological and a physiological sub- 
group. The yield is usually more or less reduced. In barley the so- 
called erectoid mutants are especially striking. 

Mutation frequencies. — From the extensive series of experiments 
laid down in diploid barley it seems evident that pure lines have a 
very high stability. On the other hand, the mutability rises consider- 
ably in cross-strains, even in such as are homozygous judged from 
external signs. It is possible that minor structural aberrations still oc- 
cur and that these cause irregularities in meiotic pairing. In this way 
new structural aberrants may be formed, and some of them have a 
phenotypic effect. It is also possible that the genes are labile owing 
to the recombination itself, i.e. an unsclectioned genotypical environ- 
ment. 

Even in very stable genotypes the mutation frequency rises con- 
siderably if the external conditions are altered, e.g., by heat treatment 
or old age of the seeds. In the analysed cases the effect corresponds 
to an X-ray dose of 500 r, and is thus rather strong. 

One induced morphological mutant in barley — fertile or infertile 
— corresponds in frequency of occurrence to 22 chlorophyll aberrants, 
15 mutants that prevent normal meiosis and gamete formation, and 
about 30 cases of » translocation sterility ». In order to obtain one 
mutant with a distinctly higher yield the barley-breeder must induce 
about 700 — 800 worthless types at the same time. 

As a contrast to these figures it may be mentioned that of three 
mutants in flax which arose in Dr. Levan’s experiments one proved to 
be clearly superior to its mother-line. In this case luck and material 
favoured the mutation investigator. 
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Practlcalhj valuable mutants. — The primary object of the in- 
vestigations described above has been to determine to what extent in- 



Fig. 12. Two ears of an extreme mutant in barley, showing long ear internodes 
and a greatly increased number of spikelets in the fertile rows. Isolated in 1940. 
Different gradations occur. Mother strain: Ymer 40/18 b?. 


duced and spontaneous mutants meet the plant-breeder’s demand for 
cultivating value. In the best cases the yield ought to have risen, the 
straw-strength increased, the 1000-grain weight higherecl, the quality 
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improved. It is however to be regarded as a gain if any one of these 
can he attained. The plant-breeder then has it in his power to trans- 
fer solitary good qualities from otherwise poor mutants to already 
existing commercial varieties. Stabler was in 1930 rather sceptical 
as to the possibility of improving cereals by means of induced muta- 
tions. The variation at the disposal of the plant-breeder would still 
suffice, he thought, a good bit forward. That may be so, but in the 
same year Elisabeth Schiemann pointed out in an overlooked paper 
that the good straw-strength in a widely spread German malting- 
barley strain was derived from a mutant inferior in most qualities. 

Certain mutants yield more than their mother-line. The yield is 
undoubtedly a measure of the general vitality, both as regards the ve- 
getative and reproductive phase. Thus, high yield points to increased 
vitality (under the prevailing conditions of cultivation). The results 
from the two barley strains most carefully examined here supplement 
each other. One strain, Golden barley, is an old, pure line, with the 
same qualities now as when it was isolated. It is manifestly very 
stable; mutations and spontaneous crossings are rare. Maja barley, 
the other strain, is not an original pure line in the same sense as Golden 
barley but a cross-product, which has become gradually homozygotized. 
Up till now its high yield has scarcely been surpassed by any other 
varieties of Scandinavian two -rowed barley. 

With reference first of all to the morphological mutants, some of 
these attain to the yield of the maternal lines or can even surpass 
them. This applies especially to certain bright-green mutants, though 
also to such sharply defined types as erectoides 1 and 12. In the two 
last-mentioned the straw- strength has also risen. Individual properties 
such as 1000-grain weight and earliness may also change in a favour- 
able direction. Especially remarkable is erectoides 16, which ripens 
one week before the mother-line and has only a slightly inferior yield, 
just as in fact erectoides 13, which is immensely straw-stiff. Mutants 
can thus be formed which deviate very much while retaining the pro- 
ductive power of the original line. The fully fertile morphological mu- 
tants give on an average a lower yield than the corresponding physio- 
logical ones. 

Out of Golden barlej" two or three physiological mutants have been 
induced which are superior in yield to the mother-line. One of them 
(44/7) is 9 % higher. This valuable quality is probably connected with 
the greatly increased grain weight. Another mutant, 44/2, ripens a 
little later and is considerably richer in straw. Its yield varies greatly, 
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depending on the amount of rainfall during the vegetation period. The 
Svalof average for six years, howevei*, lies at a relative value of 103. 

Still more interesting, of course, are the yield-raising mutants oiU 
of Maja barley. Three different pedigree lines from mut. 44/89 have 
given on an average 10 % more than the mother-line. They resemble 
the latter in most respects. High-yielding mutants are also 44/76, 44/91 
and 44/30, the last-mentioned of which has been tested in rather ex- 
tensive trials. As the Scandinavian plant-breeders have not succeeded, 
despite fifteen years of continuous work, in forcing the. yield of the 
Ijarley noticeably above the level of the Maja strain — either by se- 
lection or crossing — the best mutants must be assigned very great 
theoretical and practical interest. 

Methodical work must therefore sooner or later lead to a raising 
of the yield by the mutation method as well, even in the case of the 
chief commercial varieties. It must not he considered as fundamentally 
impossible that an induced or spontaneous cereal mutant becomes so 
worth cultivating that it can immediately replace the original strain. 
The high requirements exacted by the plant-breeder of every new 
market variety will presumably make such a result less probable; 
impossible it is not. (Cf., for instance, the successful valiant obtained 
in oil turnips, which will possibly be brought into the market in 1947.) 

The old land varieties were exceedingly heterogeneous, but the 
value of the strains contained in them varied. On the basis of the com- 
mercial strains it is now possible to produce a new polymorphy by 
means of mutation. The average yield of the tested /id/y fertile and 
vital physiological mutants lies only about 5 — 10 % below that of the 
original line. At the same time, however, the original line has been 
broken up in many different dix'ections. The straw-strength has some- 
times been improved, sometimes deteriorated, sometimes it is status 
quo. The same applies to earliness, 1000-grain weight, malting pro- 
perties. Such mutants have been described in great numbers. For 
brewing purposes a mutant out of Golden barley is of special interest. 
Externally it is a faithful copy of the mateimal line, in a mixed crop 
with this it would not be distinguishable. The yield is exactly the same. 
The leaves, however, are somewhat broader and the 1000-grain weight 
higher. In addition, it must be denoted as an entirely new and im- 
proved malting variety (Thun^us, 1946). 

A mutant, suspected already in 1945 and certified in 1946, falls 
outside the known variation sphere of Scandinavian two-rowed barley 
with regard to floret and kernel number of the spikes. In the com- 
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mercial strains the fertile spikelets attain an average number of 24 — 28 
(cf. the similar statement made by Aberg and Wiebe, 1946, p. 14, for 
American varieties). Several progenies of this mutant show a spikelet 
number up to 36 — 38, in other instances up to 34 — 36, i.e. an increase 
with 30 — 40 % . 7/ this property can be combined with a higher straw- 
stiffness (the spikes are very heavy), and possibly some other valuable 
properties, the mutant may entirely renew Scandinavian barley breed- 
ing. It arose from the high-bred strain Ymer bj. 

Another mutant, erectoides 13, seems to have improved the straw- 
stiffness above the level of commercial barley strains. Erectoides 16 
most certainly breaks the frame with regard to earliness. Both yield 
also well. Other mutants have been found that raise the kernel weight 
considerably and simultaneously improve yield. These examples, 
better than long statements, illustrate the possibilities involved in 
methodical mutation experiments. 

An interesting case that visualizes the interaction between muta- 
tion, yield and environment has been observed in a chlorophyll mutant 
out of Golden barley. A golden-bright vital aberrant produced at Sva- 
lof yielded 10 % below the mother-line. Cultivated about 1000 kilo- 
metres further north, it yielded 25 % above Golden barley in 1943 and 
1944 in preliminary experiments. Probably in this case length-of-day 
conditions played their part, favouring the assimilation. Similar con- 
clusions have been drawm by Grankall and Levan for a yellowish - 
green chlorophyll mutant in flax, induced in the foreign strain Con* 
current. The seed production is the same, but the straw crop per hectare 
has increased by 6 % and also the fibre quality has been improved. 
This remarkable result shows that » defect or loss mutations >> may im- 
ply direci, improvements. 

Morphological effect and vitalitij. — According to the results olj- 
tained here, the effect of the mutations and the yield of the mutants 
are intimately connected. This is excellently illustrated by the erec- 
toid mutants. The highest productive types deviate only in a few cha- 
racters from the maternal line and differ slightly in general habit. 
When straw-height and ear-length have changed considerably in one or 
the other direction, or new kernel characters have been induced, the 
production also falls. The same condition applies to the mutual yield 
of the three groups of bright-green, erectoid and drastic mutants 
(Gustafsson, 1946 a). The relative figures average 101, 88 and 84 for 
the three groups. Moreover, certain drastic mutants are entirely 
sterile. 
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Lethal factora and yield. — Stadler advanced the assumption 
in 1930 that solitary good mutations can be produced by X-ray treat- 
ment but that at the same time iethal factors are induced in great 
number. This assumption has been confirmed, although the correla- 
tion between the yield of the mutants and the sterility of the original 
plants (a measure of the lethalization) is not especially strong. Never- 
theless, this correlation is rather clear for the mutants out of Golden 
barley. Most seed-material of this line has been subjected to high 
X-ray doses and special pre-treatment. By this means a considerable 
Xi sterility has been induced. The correlation is weaker in mutants 
out of Maja barley, where the X-ray effects have been less violent. 
One case that excellently illustrates Stadler’s assumption may be 
mentioned. Among others, a peculiaidy waxy, extremely straw-stiff mm 
tant was isolated out of Golden barley. Its yield ~ calculated on all 
trials — is equal to that of the maternal line. The 1000-gimn weight 
is low, however, and the malting properties have deteriorated. 

and bad properties accompany each other. With 
Sghiemann’s report in. min however, the enormous straw-strength 
may no doubt be assigned some value in future crossing work. 

Control of the mutation process. — Series of special experiments 
seem to show that the mutation process can be experimentally con- 
trolled. If the cell environment is altered in different ways, or the 
irradiation effect is varied, this causes quite different mutations and 
mutant types to arise. For instance, it may be regarded as certain, 
firstly, that, as opposed to alhinas^ xantha mutants are not produced 
in the progeny of entirely fertile Xi plants, secondly, that alboxantha 
types preferably arise from irradiated germinating seeds or seeds rich 
in water, thii’dly, that for their origin the so-called drastic mutants 
require a very strong irradiation effect upon the treated seeds. 

The results obtained so far at Sval5f and abroad are certainly leather 
meagre. Continually extensive experiments are being carried out, how- 
ever, with the express purpose of elucidating these questions from a 
practical point of view. 


In conclusion stress must once more he laid on what has here 
been adduced respecting the yield of the vital mutants, viz. that the 
results in diploid barley seem to apply to all agricultural plants so far 
examined, whether they are diploid or polyploid. A methodical work 
will sooner or later lead to positive results. The plant-breeder cannot 
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neglect the artificially induced mutants for the further improvement of 
his varieties. 

Svalof, June 1st, 1946. 
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A CONTRIBUTION TO THE GENETICS OF 
MILK GLAND ACTIVITY IN CATTLE 

Ev GERr bonnieu 

ANIMAL BHEEDING INSTITUTE, WIAD, ELDTOMTA, SWEDEN 


# 

I N a study of the composition of milk, based on comparisons between 
a number of twin pairs, it was found that the percentages of protein 
and of lactose at fixed levels of percentages of fat are chiefly genetically 
determined (Bonnier and Hansson, 1946). That is to say: in two sets 
of samples of milk, all of which have equal percentages of fat (or, more 
correctl 3 ^ have fat percentages the range of variation of which is only 
0,1 % ), the differences between the means of the two sets in protein 
percentage or in lactose percentage are within the limits of random 
variation if the two sets are taken from two identical twins, whereas, 
from a statistical point of view, the means of the two sets may be very 
widely apart if they are taken from two unrelated cows. The studies in 
question are based on 2245 samples taken from 29 pairs of twins of 
which 19 are identical, 7 are fraternal and 3 are uncertain as to the 
nature of the twanships. Table 1, in which some of the statistical 
figures are given, is an excerpt from Tables 3 and 4 of the article cited. 
The orders of magnitude of the P's are found by comparing the ratios 
of the mean squares in question by the error mean square. 

In most of the cases the two twins of a pair had been treated or 
fed differently but, so far, it has not been possible to show any certain 
influence from this differential treatment on the differences between 
protein or lactose percentages at fixed percentages of fat. 

The number of genes in action. — A more searching analysis (still 
always made by comparisons within groups of fat percentages, the 
grouping unit of v/hich is 0,i % ) of the genetical relationships can, how- 
ever, be made. The average mean squares, corresponding to the com- 
parisons between the means of two identical twins, 0,07i3 for protein and 
0,1523 for lactose, may be said to constitute a measure of the average 
difference an animal would show if it did live two different lives. These 
mean squares have therefore been used as a common base for compa- 
risons between other mean squares by dividing the latter by the former. 
Thus each mean square corresponding to the difference of the means of 
two twins of each separate twin pair has been divided by the above- 
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TABLE L Ancdgsis of variance of the differences between percentages 
of protein and of the differences between percentages of lactose at fixed 

fat percentages. 



Degrees 

Protein 

Lactose 

i 

of 

freedom 

Mean 

square 

P 

Mean 

square 

P 

Between groups of 
different fat per- 

ceniages 

At fixed fat percem 
tages 

Between twin pair 
means (= between j 

45 

4,2830 


0,7982 


unrelated animals) 
Cow versus twin sis- 
ter 

503 

0,2288 

0,ooi 

0,4043 

0,ooi 

identical twins ... 

168 

0,0713 

>0,05 

0,1523 

> 0,05 

uncertain twins ... 

45 

0,07 C 5 

> 0,05 

0,1882 

Appr. = 0,05 

fraternal twins ... 
Within cows (error) 

82 1 
1401 

0,1048 

0,0697 

0 , 01 — 0,ooi 

0,1920 

0,1359 

Appr. = 0,01 

Total 

2244 






mentioned figures. These ratios are given in Table 2. Furthermore, 
twin pairs for which this ratio is less than 1,5 for protein as well as for 
lactose, 18 in number (13 identical, 3 fraternal and 2 uncertain), 
have been selected, and the mean squares corresponding to the 


17 


18 


9 


= 153 differences between two such twin pair means have 


been computed. As above, these 153 mean squares are divided by 
for protein and by 0, 152:5 for lactose and the ratios are collocated in two 
tables (Table 3 for protein and Table 4 for lactose). Finally, all ratios 
are classified in groups with a grouping unit of 0,5 and the distributions 
are computed for the 19 identical pairs, the 7 fraternal pairs and for 
the 153 twin pair combinations (Table 5, Fig. 1). 

Before trying to interpret the tables it may be well to explain some 
of the figures. If we look at Table 3, we find, for instance, that (he 
ratios are: for pairs 9 — 11, 1,387, for pairs 9 — 14, 1 , 172 , thus two moderate 
ratios. But the ratio for pairs 11 — 14 is very much larger, 11,397. And 
there are other cases of a more or less similar kind. It may seem 
natural to expect that, if we have three pairs, and if the difference 
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TABLE 2. Ratios between, on the one hand, the mean squares between 
the two twin means and, on the other, the average mean square between 
means of two identical twins (O,07i3 for protein and 0,ir>23 for lactose). 


No. of twin pair 

Nature of 
twinship 

Ratio 

III the barn 

For referen- 
ce to Tables 

3 and 4 

Protein j 

Lactose 

4- 5 

1 

Identical 

0,738 

1,344 

8— 9 

2 

» 

O,400 

0,405 

106—107 

3 

» 

0,328 

0,374 

115—116......... 

4 


0,180 

0,147 

119—120 

5 


0,829 

1,175 

121—122 

6 


1,021 

0,609 ! 

205—206 

7 


0,389 

0,681 

207—208 

8 


0,586 

0,541 

209—210 

9 

/> 

1,293 

0,415 

213—214 

10 

» 

0,878 

1,268 

725-726 

11 


1,282 

0,899 

818-819 

12 

» 

0,839 

0,936 

821-822 

13 

Uncertain 

0,797 

1,229 

823-824 

14 

Identical 

1,397 

0,693 

736-737 

15 

Fraternal 

0,881 

0,7.1 

807—808 

16 

» 

1,499 

0,823 

830-831 

17 

» 

1,224 

1,324 

716-717 

18 

Uncertain 

1,449 

0,345 

123—124 


Identical 

2,756 

1,464 

201-202,.....,, 


» 

1,059 

1,020 

203—204 



0,958 

1,883 

215—216 



0,610 

2,858 

921—922 



0,853 

1,536 

117—118 


» 

1,793 

1,389 

906-907 


1 Fraternal 

0,637 

1,456 

915-916 



2,450 

1,229 

757—758..... 


» 

2,006 

1,312 

1 647-648 



1,060 

2,104 

! 15- 16. 

j 

Uncertain 

0,929 

1,978 


between the first and the second as well as that between the second 
and the third is small, then also the difference between the first and 
the third ought to be small. There are two reasons for this not always 
being the case. Suppose first that all three pairs were represented only 
within one and the same group of fat percentages. If the numeric 
value of the difference between the first and the second pair is «, and 
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TABLE 4. liatioH between, on the one hand, the mean squares of lactose differences between two twin pair 
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TABLE 5. Groiipiny of the ratios from Table 2 (19 identical twin pairs and 7 fraternal twin pairs) and f. 
Tables 3 and i (153 twin pair combinations == unrelated animals). 
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Detweeu the second and third is b, then the difterence between the first 
and the third may be either a — b or a + h. Suppose the latter to be 
the case. The mean squares corresponding to the three differences are 
b^ 4- b‘^ 2 ab . 

then “j, and 7 -“ — - . Ihis means that it two ot the figures 

in Table 3 or 4 are a and the third may be of the order of magnitude 
n-f,5 + 2 This explains several of the cases, but not all. And, 



Ratio 

Fig. 1. Graphs corresponding to the distributions of the mean square ratios in 
Table 5, Grosses — comparisons between identical twins; triangles = comparisons 
between fraternal twins; dots = comparisons between unrelated animals (= between 
twin pair means). The curves are fitted by free-hand. (Therefore in the case of 
fraternal twins, with only 3 groups represented, see Table 5, the fitting is very 
haphazardous.) For lack of space, the curves for iinrelated animals are broken at 

the ratio-value of 7. 
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for instance, not the example given, as we have 1,387 + 1,472 + 
+ 2^ 1,387 X 1,4"^ = which is very much less than 11,397. The 

other reason is random variation. When two pairs are compared, all 
groups of fat percentages in which both of the pairs are represented 
will automatically be included in the computation of the mean square 
of the pair means' difference. But if only one of the pairs (or none) 
is represented within a certain group of fat percentages, this group is 
automatically excluded. Thus, if the first and the second pairs are 
represented within the group of fat percentages 4,oo — 4,09 but not the 
third pair, this group contributes to the mean square corresponding to 
the comparison between the first and the second pair but not to the 
two remaining comparisons. Likewise, if the second and the third pairs 
are represented within the group of fat percentages 4 , 10 — 4, 19 hut not 
the first pair, this group will contribute to the mean square correspond- 
ing to the comparison between the second and the third pair but not 
to the two remaining comparisons. Thus, none of these two groups 
of fat percentages will contribute to the mean square corresponding 
to the comparison between the first and the third pair. 

Looking now at the distribution of the ratios (Table 5, Fig. 1), it 
is evident that the range of their variation is smallest for the intra- 
identical tAvin comparisons, somewhat larger for the intra-fraternal twin 
comparisons, and very much larger for the comparisons of twin pair 
means (i. e. for the comparisons between unrelated animals). This 
corresponds of course to the data put together in Table 1. But it gives 
a more apparent and visual picture of the facts. The type of variation 
in the case of intra-idenlical twin comparisons must be due only to 
external (and random) causes. If only one single pair of genes was 
responsible for the differences betAveen unrelated animals, there Avould 
be at mosl: three different values round which the corresponding 153 
ralios would vary. And, likewise, if only very few pairs of genes did 
act, some peaks ought to be found in the curves of distribution of the 
153 ratios. But this does not appear to be the case, and thus it seems 
fair to conclude that several pairs of genes are in action. Hence we are 
probably concerned here Avith a case of polygenic effect. 

It must be emphasized that the number of genes in action may be 
still greater, as it is possible that a certain gene difference which is 
active at one level of fat percentage may be inactive at another level. 
In such a case other gene differences must be active at that new level. 

If the figures of Tables 3 and 4 are compared, it will be found that 
large ratios in one of the tables do not at all correspond to large ratios 
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in the other table. Grouping the ratios as in Table 5 with a grouping 
unit of 0,5 and computing the correlation of the 153 ratios for protein 
and for lactose, a correlation coefficient of — 0,o5 is found. The 
signification of this is that different — or at least partly different — 
sets of genes are in action when the percentage of protein and the per- 
centage of lactose are determined at a certain level of fat percentage. 

SUMMARY. 

(1) It has been shown in an earlier article that in cow’s milk the 
percentages of protein and of lactose at fixed levels of fat percentages 
are chiefly genetically determined. 

(2) A comparison of the variation in the percentages of protein 
and of lactose at fixed levels of fat percentages between twin pair means 
(i. e. between unrelated animals) with the variation between the means 
of two identical twins has led to the conclusion that several genes must 
be in action. 

(3) It is also shown that different sets of genes are responsible for 
the percentages of protein and for the percentages of lactose at fixed 
levels of fat percentages. 


LITERATURE CITED. 

1. Bonnier, G. and Hansson, A. 1946. Studies on monozygous cattle twins. VII. 
On the genetical determination of the interdependency between the per- 
centages of fat, protein, and lactose in the milk. — Acta Agriculturse Suecana. 
(In press.) 



ON THE FORMATION OF BIVALENTS IN 
SOME PENTATOMIDS (HEMIPTERA) 

BY TARVO OKSALA 

INSTITUTE OF genetics OF THE UNIVERSITY OF HELSINKI, FINLAND 


D uring a casual examination some ten years ago of preparations 
showing the spermatogenesis of Dolycoris baccaniin L., a He- 
mipteron belonging to the family Peiitatomidae, the stages of diakinesls 
particularly attracted my attention. Except in the latest stages of dia- 
kinesis no normal bivalents at ail were visible, the homologous chro- 
mosomes being more or less separated from one another, so that a count 
of the separate chromosome elements gave the full diploid number of 
14 characteristic of this species (12 autosomes, Z and Y). In the late 
stages ol diakinesis and the first metaphase, on the other hand, (> 
normal autosome bivalents in addition to the X and Y chromosomes 
were visible. It was my intention at the time to embark on a closer 
investigation of the matter, but other work in progress and the war 
years then intervening obliged me to postpone the realisation of this 
intenlion for some time. 

k lew years ago, when Scuhadeu's investigation on the formation 
ol letrads in another Pen tatomid, Rlujtidolomia senilis Say, published 
as early as 1940 fell into my hands, I found that he had there elucidated 
the same phenomenon that I had noticed in Dolijcoris. Since, however, 
(he conditions appearing in Rhytidolomia did not, to my mind, corres-. 
pond in every way with those I found in Dolycoris, I determined to carry 
out a corresponding investigation with respect to Dolycoris also. 

Material and methods. — My material was collected in July, 1945, 
on the Hanko peninsula in the territory surrounding the zoological 
slalion of Tvarminne. In addition to Dolycoris, specimens ol' another, 
closely related Pentatomid, Carpocoris piirpureipennis De G., were also 
taken. A.ll the specimens of which testes were fixed were in the last larval 
stage. In this stage all the phases of meiosis are plenlifully represented. 
Spermatogonia, on the other hand, are but seldom found. In the 
collecting of tlie material I enjoyed Ihe friendly assistance of Dr. 
Hakan Lindberg, for wdiich I should like here to express my best 
llinnks. 

The material was fixed in Benda, Caunoy, Randolph and Bouin- 
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Allen. Of these, Randolph gave the best results, at least as far as 
the early stages of meiosis were concerned. The microtome sections 
were made 10 or thick. The preparations were stained with iron 
haematoxylin, crystal violet, or by the Fetjlgen method. No smears 
were made. 

The pictures were drawn with an Abbe drawing apparatus at the 
height of the work-table, using an immersion objective of 100 X and 
an ocular of 25 X. Since the drawings were reduced in size by one- 
half in making the printing-plates, the magnification is now abonl 
2250 X. 

Observations. — In Do lyco vis, as in so many other Hemiptera, it 
is impossible to make any observations on the primary pairing of the 
chromosomes, since the earliest stages of meiosis, the leptotene and 
presumably also the zygotene stage, are characterized by particularly 
strong synizesis. The thin chromosome threads are drawn together into 
a single tangle in the centre of the nucleus (Fig. 1), a typical central 
synizesis. When the conditions causing synizesis have passed, the close 
{angle of chromosomes loosens and begins to expand in every direction, 
lending to fill evenly the whole nucleus. In this stage the chromosomes 
are comparatively thick, strongly stained threads (Fig. 2). 

This pachytene stage does not, however, seem to be of long 
duration, the change to the diffuse stage taking place immediately all 
the signs of true synizesis have disappeared (Fig. 3). The chromo- 
somes now lose their ability to stain almost completely, making it im- 
possible to find out anything about their structure. This stage is also 
accompanied by a very appreciable increase in size of the nucleus. In 
contradistinction to the autosomes, which are entirely diffuse, the sex 
chromosomes appear in this stage as strongly stained, compact bodies. 
The X and Y chromosomes here show a strong tendency to associate 
(cf. Geitler, 1939, p. 216). They are on this account generally visible 
either as a sort of doublet, in which the smaller Y appears just as if it 
were but a bulge on the side of the larger X (Figs. 3 — 5), or entirely 
fused together, leaving only a single, spherical and apparently homo- 
geneous body (Fig, 6). The close packing of the chromosomes makes 
it impossible to decide whether the sex chromosomes are heteropycnotic 
already during the synizesis and early pachytene stages. 

No nucleolus, or at least no discernible one, appears during the 
prophase of meiosis, for no other definite; compact body other than 
llie XY complex is to be observed during these phases. Since the sex 
chromosome complex appears exactly the same in both Feulgen and 
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crystal violet preparations, it cannot lie accompained l)y a nu- 
cleolus. 

As it is impossible to ascertain anything about the pairing relations 
and chiasma formation of the chromosomes before or during the diffuse 
stage, the stage when the chromosomes again become visible after the 
diffuse stage is of particular importance for the investigation of bivalent 
formation. 

Characterizing the stage in question in Ulujtidolomia, Schrader 
(1940) mentions that the diploid number of chromosome elements 



Figs. 1 — 18. Dohjcoris baccarum. — Fig. 1, synizesis (leplotene stage). — Fig. 2, 
pachytene stage. — Fig. 8, diffuse stage. — Figs. 4—6, early cliakinesis. — Fig. 7, 
bivalents with typical not terminalised chiasmata in early diakincsis. — Fig. 8, 
bivalents with »super-terminalised distance chiasmata)> in early diakinesis. — Figs. 
9 13, late diakinesis. — Fig. 14, first metaphase plate. — Fig. 15, first metaphasc 

plate in side view. — Fig. 16, , sister plates of first anaphase. — Fig. 17, second 
mefcaphase; the same plate in two different levels. — Fig. 18, second metaphase in 
side view. — Figs. 19 and 20, Carpocoris purpareipennis, — Fig. 19, first metaphase 
plate. — Fig. 20, second metaphase, the same plate in two different levels. 
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occurs and that the homologous chromosomes are entirely isolated 
iTom one another, there being no visible connections and even con- 
siderable intervals between them. Thus, he affirms (1940, p. 127) 
that the condition in question is one with no sign of »parasynaptic 
pairing » or chiasma formation. 

The situation in Dolycoris is largely analogous (Figs. 4 — 6). There 
is very often the full diploid number of 12 autosome elements. Their 
relative position, however, is nearly always such as to make it easy to 
see which of them are paired together, even though definite morpho- 
logical differences do not exist between all of the chromosomes. Very 
often, though not always, a very thin thread connects homologous 
chromosomes, which shows that we nevertheless have bivalents, not- 
withstanding the fact that the connection between their two compo- 
nents is extremely weak. The greater the distance between the homo- 
logLies the weaker this connection thread generally is, and in extreme 
cases there appears, as stated above, to be no connection at all (Fig. 4). 
Inasmiicli, liowever, as also in these cases the topographical relations 
between the chromosomes are such as to suggest some bond connecting 
the homologiies, even though it is invisible, it seems to me very possible 
that such a bond actually always exists, though it can no longer take 
stain on account of its thinness. 

In some cases, however, the homologues are not separated from 
one another but form typical end-to-end pairs. Finally, I have in some 
cases observed figures showing entirely clear and typical chiasmata 
(Figs. 6 and 7). Mostly these chiasmata are already very near com- 
plete terminalisation, though sometimes they still have a good distance 
to wander. Usually there is only one chiasma for each bivalent, but in 
the larger bivalents two chiasmata are also often found, terminalising 
on opposite ends. In rare cases one of the smaller bivalents may also 
form two chiasmata. 

It is, thus, impossible to observe directly what occurs during the 
diffuse stage, comprising the latter psiYt of the pachytene and most of 
the diplotene stage. But the fact that chiasmata are present at all, even 
though they are few, in the stages immediately following the diffuse 
stage gives indications that help to solve the question and throw a 
decisive light on the problem of bivalent formation in Dolycoris. For, 
in my opinion, it is quite apparent that chiasmata have formed normally 
and in the usual manner during the diffuse stage but have in the main 
had time to terminalise before becoming cliromatinized sufficiently to 
he visible. Only a few have been so long delayed in terminalisation 
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that interstitial chiasmata may still be observed when the chromosome 
becomes visible. 

The prophase of meiosis in Dohjcoris is, then, characterized l>y 
rapid progress of chiasma terniinalisation compared to the progress 
of chromatinisation and contraction of the chromosomes. When the 
chromosomes become visible after the confused stage, this latter devel- 
opment has reached a degree generally characterizing the diploteiie 
stage, whereas terminalisation has in most cases progressed not only 
to the maximum degree, attained generally only in late diakinesis, but 
even beyond that, going over into a kind of »super-terminalisation» 
manifesting itself in a moving apart of the chromosome partners, often 
very far indeed from one another, the terminal connection between 
tliem stretching to a very thin thread. 

The changes that the chromosomes Ihereafler pass through in the 
last stages of the meiotic prophase (Figs. 9 — 13), that is to say, up to 
the metaphase of the first maturation division, are founded on their 
continued chromatinisation and contraction, in addition to whicli the- 
halves of each bivalent approach each other. In some cases the con- 
traction and chromatinisation have attained almost their maximum 
degree even though the homologous chromosomes are still widely 
separated (Figs. 9 and 10), but generally they approach each other in 
the same measure as chromatinisation and contraction progress. Some- 
times, it is true, thin connecting threads may be observed between Ihe 
hoinologues that are approaching each other, like ihe threads that 
sometimes appear already in early diakinesis, but often there is no 
bond until the compact chromosomes have attained direct contact. 

This final formation of bivalents generally takes place by an 
association of the liomologoiis chromosomes al only one end. In the 
case of the large autosome pair, however, this association comparatively 
often takes place at both ends, forming a ring (Fig. 11), Thus, Uie 
large autosome appeared as a ring in 14 (or 14 , d % ) of the 94 diakinesis 
nuclei examined. Smaller autosomes cannot be identified, but in 5 out 
of a total of 54 cells I was able to ascertain that one of the smaller 
autosome pairs formed a ring (Fig. 11). 

The maturation divisions (Figs. 14 — 18) excite no particular com- 
ment, for they are in entire accord with corresponding stages in other 
Hemiptera. X and Y do not pair in the first division even though they 
generally lie side by side or at least quite close to one another in dia- 
kinesis, probably due to their close association in the early stages of 
meiosis. Thus, 8 separate chromosome elements are always visible in 
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the metaphase plate of the first division, which means that X and Y 
divide equationaily in the first division. There is practically no inter- 
kinesis, the first division anaiDhase plates (Fig. 16) going over directly 
into the second maturation division. X and Y show a tendency to pair 
already during the first anaphase, and in the second maturation division 
(Figs. 17 and 18) they then move to different poles. 

The circumstances at bivalent formation in Carpocoris pur pur ei- 
pennis, the other Pentatomid examined, correspond to the above in every 
way. It is also in other respects karyologically very similar to Dolycoris 
(Figs. 19 and 20), Thus, it has the same number of chromosomes, and 
the sex chromosomes behave in a corresponding manner. However, 
the Y chromosome is much larger in size than in Dolycoris, being about 
as large as the smallest of the autosomes (Fig. 20). 

Discussion, — Though the process of bivalent formation in Dohj- 
coris seems at first glance to depart radically from the normal, the 
facts presented above show that there is really no fundamental differ- 
ence. The most important departure from normal lies in the ex- 
ceptionally early terminalisation of the chiasmaia, which, as already 
mentioned, appears in the main to take place already during the diffuse 
diplotene stage. 

Besides being earlier, terminalisation is also more complete than 
usual. This fact confirms my statement earlier made in another con- 
nection (Oksala, 1943, p. 21) to the effect that the earlier — relatively 
to contraction — terminalisation takes place the more completely it 
develops. It is but natural that it should be easier for the chiasmata to 
move when the chromatids composing the bivalent are still thin and 
weakly spiralled, and not burdened with a great amount of thymoiiucleie 
acid either. Thus terminalisation does, in fact, quite apparently take 
place in Dolycoris more easily than normal, for it attains its maximum 
degree very quickly and usually even exceeds it, for I interpret the 
moving apart of the bivalent halves in early diakinesis more as a sort 
of »super'terminalisation» than as true breakage of chiasmata and 
break-down of the bivalents. This conception of the matter may, in 
my opinion, be defended on the following grounds. 

A visible though thin bond often persists between the halves of the 
bivalents all through diakinesis. This being the case, we are justified 
in saying that the chiasma still exists. And even when there is no 
visible bond the position of the homologous chromosomes relative to 
one another is such as to give a strong impression of their belonging 
together. As far as I can see, we may well consider an actual bond to 
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exist, even though too thin to stain, Aiso, the manner in which the 
bivalents attain their final shape in the last stages of diakinesis speaks 
for retention of the chiasinata. The attraction between homologous 
chromosomes at this stage is remarkable inasmuch as it generally unites 
the small autosomes at only one end, the largest aiilosome pair, how- 
ever, either at one or at both ends. Herein there appears a clear 
analogy to chiasma formation!, for in the smaller autosomes there is 
generally formed but one chiasma, terminalising on one end, whereas 
the largest autosoine may also form two chiasmata, thus often appearing 
as a ring. If, now, this terminal attraction appearing in the last stage 
of diakinesis were a phenomenon entirely independent of previous 
chiasma formation, it would be incomprehensible why it should lake 
place in the manner just described. Why should it not then unite all 
chromosomes at both ends or all at only one end? Actually, however, 
the original chiasmata are quite evidently renewed. Thm we have 
reason to presume that the terminal chiasmata have at no stage com- 
pletely disappeared, but much rather have snpcrderininaliscd and 
stretched exceedingly thin, yet been retained as effecliue y> distance 
chiasnmtay> all throughout diakinesis. 

The phenomena here remarked in Dohjeoris are, in my opinion, 
of a nature to throw new light in some respects also on the case of 
Rhgtidolornia described by Schrader. This inasmuch as meiosis in 
these two species shows so much in common that it appears to me 
justifiable to interpret both cases on the same basis. Thus, Dolycoris 
may in respect to bivalent formation be considered as a sort of inter- 
mediate form between normal Hemiptera and Rhytidolomia. The ten- 
dency already clearly observable in Dolycoris has evidently attained its 
peak in Rhytidolomia. On these grounds it would seem to me to be not 
loo daring to assume more or less normal chiasma formation to occur 
in Rhytidolomia also, even though this as well as the terminalisation of 
the chiasmata takes place entirely during the diffuse stage. In Doty- 
coris, on the other hand, the last vestiges of chiasmata are still per- 
ceptible when the chromosomes reappear clearly defined after the 
diffuse stage. An effective bond between homologous chromosomes 
throughout diakinesis quite apparently exists aiso in Rhytidolomia, to 
judge from Schrader’s illustrations (the microtome sections only are 
to be taken into account in this connection), and the selective end-to-end 
attraction between these chromosomes apparent in the last stage of 
diakinesis would, in Rhytidolomia as in Dolycoris, be unexplainable 
were it independent of primary chiasma formation. The final formation 
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ol bivalents at the close of diakinesis need, therefore, in no wise be 
considered the result of some entirely new » pairing effect». On the 
contrary, it may simply be a question, of the familiar phenomenon that 
on entering into the metaphase of the first maturation division the 
bivalent halves contract to the limit and cling to each other more 
closely. 

To my mind there is therefore no reason to consider Rhijtidolomia 
as unique in respect to bivalent formation any more than Dolycoris and 
Carpocoris are, 

111 conclusion I cannot desist from saying a few words concerning 
bivalent formation in another Hemipteron, Alydus calcaratus L. [Corei- 
dae). Reuter, who has described the whole development here with 
great exactitude, remarks that there is nothing that would indicate 
segment exchange (nor, therefore, chiasma formation). The original, 
typical parallel pairing simply changes over into end-to-end pairing 
at a certain stage. Since the diffuse stage is not so marked, and inas- 
much as alb the phases of spermatogenesis are clearly to be observed, 
step by step, there should be no question of a veiled chiasma formation 
such as we found in Dolycoris, Still, it is not impossible that the bi- 
valents arise on the basis of chiasma formation in Alydus also, if we 
consider the chiasmata as localized out to the extreme end of the chro- 
mosomes. Some of the illustrations shown by Reuter (e. g., Figs, 45 
and 83) seem clearly to speak for such an interpretation. 

SUMMARY* 

The investigation concerns bivalent formation during spermato- 
genesis in two members of the family of Pentatomidae, Dolycoris bac- 
cariim and Carpocoris purpiireipennis. 

In most cases terminalisation is completed during the so-called 
diffuse stage, and in consequence non-terminalised chiasmata are ex- 
tremely seldom visible when the chromosomes become clearly defined 
in early diakinesis. The chromosomes composing each bivalent have 
at this point moved apart, often even very far from one another, so 
that the diploid number of chromosomes is often visible in the nucleus. 
Sometimes the bivalent halves are united by a thread stretched very 
thin, sometimes again no bond is visible, which may possibly be ex- 
plained as due to these threads being too thin and fine to stain. In 
any case it is apparent that some effective connection exists between 
the bivalents halves. The true terminal chiasma has thus through 
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»super-terminalisation» changed into a » distance chiasina». At the 
end of diakinesis the homologous chromosomes finally move into close 
contact, and the bivalent attains its final form. 

In the opinion of the author, the formation of bivalents in Rhyti- 
dolomia senilis, investigated by Schrader, must also be interpreted on 
the same principles, i. e. assuming the chiasma to persist all through 
diakinesis. Thus all of these Pentatomids differ from the normal only 
in earlier and more complete terminalisation of chiasmata in time rela- 
tion to chromosome contraction and chromatinisation during the pro- 
phase of meiosis. 
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TOTALE INVENTIERUNG DER MIKRO- 
TYPEN EINES MINIMIAREALS VON 
TARAXACUM OFFICINALE 


VON HEniBERT NILSSON 

BOTANISCHES INSTITUT, LUND 
(With a Summary in English) 


D ie grosse Variabilitat der Gattung Hieracium ist lange bekannt. 

Schon Darwin nannte sie eine proteische Gattung. Nageli iind 
Peter haben grosse Miihe auf eine Aufklarung der mitteleuropaiscben 
Formenkreise verwendet und Dahlstedt und viele andere nordische 
Forscher beziiglich der nordiscben. Gewisse nordische Hieracien (vor 
allein Archieracia) sind hierbei gaiiz ausserordentlich aufgespaltet wor- 
den. Man rechnet schon init mehr als 2.000 »Mikrospezies». Andere 
Formenkreise hat man mir teilweise oder gar nicht einer derartigen 
»Pulverisierung» unterwerfen kdnnen. Die Ursache ist niinmehr klar. 
Es ist hierfilr der Grad der agamospernien Samenbildung entscheidend. 
Niir bei totaler Againospermie ist eine Uiiterscheidiing bestimmter 
Formentypen moglich, bei partieller ist dies kaum und bei sexueller 
Befruchtung gar nicht diirchfuhrbar. 

Zu Beginn dieses Jahrhunderts wurde durch Dahlstedt die Poly- 
morphie von Taraxacum officinale enldeckt. Diese Population hat 
man bis 1900 als eine einzige Spezies betrachtet und innerhalb dieser 
sind nur einige wenige Varietaten unterschieden worden, die hauptsach- 
lich auf extreme Standorte begrenzt waren. Linne fiihrte Taraxacum 
nicht einmal als eigene Gattung auf. T. officinale wurde von ihm der 
Gattung Leontodon zugerechnet und Leontodon Taraxacum genannt. 

Wahrend den letzten Dezennien haben mehrere nordische Forscher, 
ausser Dahlstedt vor alleni Lindberg fil., Marklund und Haglund, 
eine grundiiche Untersuchimg der Taraxaca des Nordens vorgenommen. 
Die Anzahl der von ihnen aiifgestellten Arten betragt nach einer Zii- 
sammenstellung von Hylander (1941) nicht weniger als 450. Natixr- 
lich entsteht bei dieser Artenfulle sogleich die Frage: Hat man damit 
die gauze Anzahl der unterscheidbaren Typen erreicht? Und weiter: 
Konnen diese Arten tiberhaupt auseinander gehalten werden? Gibt es 
zwischen ihnen nicht noch weitere Formen, die ihre Unterscheidung 
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erschwereii oder unmoglich maclien? 1st die Anzulil der erblicheii 
Formen, der Biotypen, nicht so gross, dass es ganz aiissichtslos wiire, 
eine Aiifteilung in Kleinarten, Mikrospezies, zu versiiclien? 

Die nordische Population der Taraxacum officinale ist t'iir cine Un- 
tersiichung des Formenreichtiuns jedenfalls von einem Gesichtspunkt aus 
besonders geeignet; sie liildct nainlich stets Sameii ohne Befnichlung, 
zeigt also vollkommene Aganiospermie. Unter den Formen voin nord- 
lichsten Skandinavien bis nacb Dan-emark hat man Iceine eiiizige 
sexuelle oder parliell sexuelle Form getunden. (Eiii einziger bei Gothen- 
burg angetrolTener Typus, T. obtiisLlobiim, ist allcr Wahrscheinlichkeit 
nach eingeluhrt.) Die Konstanz der Typen ist deshalb eine vollstdndige, 
Eine Neiierzeiigang von Formen durch Kreuzung und Spaltung erscheint 
daher aiisgeschlossen. Das ist ein wich tiger Ausgangspunkt, 

Nun fragt man also: Ist die Variabilitat uberhaupt erscbdpt'bar? 
Kami die Anzahl der Biotypen, obgleich sehr gross, diircli das hoch 
entwickelte Unterscheidungsvermdgen des Spezialislen wirklich I’est- 
gestelU werden? 

Das ist eine Frage, die taxonomisch kauni zu beantworten ist. Deiin 
der Systematiker unterscheidet ja immer Durchschnittstypen. tinier 
einer bestimmten Bezeichming, Beschreibung, lasst er Ahnliches zusam- 
men. Ob die Differenzen gross oder klein sind, ob er mil Arten oder 
Formen arbeitet, immer ist sein Auge das Werkzeug imd ein Durcb- 
schnittstypus das Mass. Das schon Untcrschiedene suclit er aaf imd 
findet hierbei auch Neues. Ob aber kleiiiere Abweichungen als die 
durch die »Kleinarten» bestimmten da sind, dafiir hat er kein Interesse; 
ganz iiatiirlich deshalb, weil er dies nicht entscheiden kann, 

Flir die Entscheidnng, ob die unlerschiedenen Typen von 
Taraxaeiim nur kleinere Durchschnittstypen sind um die noch eine 
geringere Variabilitat zu finden ist, oder ob sie eine reduzierte Anzahl 
von Biotypen darstellen, zwischen denen es keine Zwisebentormen gibt, 
muss das Experiment herangezogen ^verden, 

Man hat auch Kultiirversuche vorgenommen. Hierbei haben sich 
die Formen als ganz koustant erwiesen. Bei unsrer heutigen Kenntnis 
ihrer Fortpl'lanzimgsweise ist das ja selbstverstandlich. Sie sind apo- 
miktisch konstant durch ihre agamosperme Samenvermehrung, gerade 
so wie Pflanzen, die durch Bulbillen oder Stecklinge vermehrt werden, 
konstant sind. Da man ferner die in der Natiir als verschieden Icon- 
stalierten Formen in der Kultur geprilft hat, hat man liber die Total- 
variabilitat keinen Aufschluss erhalten. 

Um die Frage nach der totalen Variabilitat, dem Biotypeninhalt 
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von Taraxacum, beantworten zii k5nnen, ist eine gaiiz andere experi- 
mentelle Anordnung erforderlich, bei dei’ die zu iintersuchenden Indi- 
viduen jiiclit amgelescn, soiidern bei der alle Indwidiien eines Areals in 
den verglcicbenden KuUiirversuch gelangeii. 

Ich ging in 1‘olgender Weise vor. An Standorleii init einer reichen 
Taraxacum-Flora beulelte ich mil Tiillliiten die Kopfchen aller Pflanzen 
ohne Aiisnahnie eiii, ob sic nun verschieden erschienen oder nichL Die 
Tiilliuten solllen nnr die Sanien bei der Reife ziiriickhalten. Diehl 
schliessende Pergamintiiten wareu nicht notwendig, da keine gegen- 
seitige Befnichlung stattfindet. 

Z\vecks Einsammliuig warden drei verscliiedene Slandorle gewahlt. 
Von einem Grasrand zwischen den Baumen einer Allee in Alnarp nabe 
Lund, der melir ais 50 Jahre iinberiilirt geblieben war, wurden saint- 
liche Pflanzen einer Flache von 5 cpn eingebeutelt. Hier batten die 
Taraxaca offenbar eine starke Konkurrenz mil den ubrigen Pflanzen 
des Bestandes, hauptsachlich Grasern, ausziistehen. Oberdies war der 
Bestand jabrlich zweimal geinaht worden. 

Nur 50 m von diesem Standort entfernL Aviirde ein weiLerer von 
5 cpn lur die Versuche gewahlt. Er lag an einem Wegrand, ganz offen. 
Ein Bestand von Gramineen befand sich in Entwickliing, war aber noch 
nicht ganz geschlossen. Die Konkurrenz der Taraxaca war hier sehr 
viel geringer als im vorigen Bestand, 

Fast 1 km von diesem Standort entternt befand sich an einem Weg, 
der von einer Heclce gegen den Park von Alnarp abgegrenzt ist, eine 
sehr reiche Taraxaciim-Flora. Der Standort lag sonnenolTen. Der Weg- 
rand wire! von Unkraiit frei gehalten, weshalb die bluhenden Pflanzen 
sich dort im vergangenen Herbst angesiedelt haben miissen. Offenbar 
stanimten sie nicht nur von Pflanzen, die voriges Jahr dort gewachsen 
sind, sondern auch von Samen in der Gegend wacliscnder Pflanzen, die 
an der Hecke am Whhterfliegen geliindert worden sind und sich am 
Heckenrand angesammelt batten. Die Pflanzen mussen hier deshalb 
zum grossten Teil als hemerophile Ansiedler betrachtet werden. Daher 
war an diesem Standort auch der grdsste Formenreichtum zu erwarten. 
Da dies fiir die Untersuchung bedeutungsvoll Avar, wurden die Pflanzen 
eines grdsseren Areals ais an den obengenannten Stellen, namlich von 
40 cpn, eingebeutelt. Insgesamt Avurden also die Samen samtlicher 
Pflanzen eines Gesamtareals von 50 cpn fllr die weitere Untersuchung 
eingesammelt. 

Im Vorsommer desselben Jahres (1934) wurden die Sanienproben, 
177 an der Zahl, in kleine Kiisten ausgesat. Die Erde wurde nicht 
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sterilisiert, aber einer Tiefe entiioiiinien, in der walirend des letzten 
Jahrzehiites keine Umgrabung stattgefunden hatte. Wenn bier iiber- 
haupt Taraxaciim-Sameii vorkamen,so konnten sie das Experiment nicht 
sloren, da sie ihre Keimi'ahigkeit schon iiach 4 — 5 Jahren verliereiL 
Es konnten auch wahrcnd der ganzcn. jfolgenden Versuchszeit (bis 
1940) keine Einniischungen festgestellt werden. 

Fruli im Herbst (August) wiirden die Pflanzen im Botanischen 
Garten zii Lund aiif Freiland aiisgepflanzt. Jede Nummer, also jede 
Nachkommenschaft, bildete eine Parzelle mit 15 Pflanzen. Die Par- 
zellen lagen ganz inid gar in der bei dem Einsammeln benutzten Reihen-' 
folge. Jeder Versucli einer Vereiiiigung ahnlicher Ausgangspflanzen 
Oder ahnlicher Nachkommen in den Kasten wurde vermieden. Erst 
nachdeni die Nachkommen aiif dein Felde standen, nebeneinander und 
ubersichtlich, wurde die Beurteilang der Variabilitdt vorgenommen, 

Mit dieser vollstandigen Inventierung eines Minimiareals habe ich 
also eine Methode benutzt, durch die die Variabilitat voll uiid ganz bei- 
liehalteii worden ist. Durch die Parzellen wird jede Ausgangspflanze 
multipliziert und alle Nachkommen werden auf einen begrenzten 
Rauni vereint, sodass eine vergleichende Cbersicht erhalteii wird. Erst 
hierdurch wird es inoglich, auch kleinere Differenzen I'estzustellen. 

Schon ini Rosettenstadiiim Del es auf, dass die Parzellen keine 
kontinuierliche Variabilitatsreihe bildeten. Gegeniiber einem ahnlichen 
Versuch mit Kulturpflanzen, mit dessen Verhalten ich durch meine 
fruhere Zi'ichtungsarbeit sehr vertraut war, war sogleich ein ganz be- 
stimmter Unterschied zu erkennen. Hat man eine Parzellenreihe von 
Nachkommenschaften einzelner Pflanzen, so bilden diese eine fast kon- 
tinuierliche Serie, binnen der die Varianten keineswegs in Gruppen ver- 
eint werden konnen. Sogar bei selbstbefruchtenden Arten, wie z. B. mil 
Hafer, erhalt man bei der Ziichtung einer Landsorte dieses Resultat. 
Dies beruht naturlich darauf, dass es noch so viele Biotypen gibl, dass 
zwischen ihnen keine Liicken erkennbar sind. Das Auge hat fur cin 
Unterscheiden keine Anhaltspimkte. Alles fliesst. Wahlt man zu einer 
derartigen Auslese einen Fremdbefruchter, wie z. B. Roggen, so wird 
die Variabilitat naturlich noch kontinuierlicher. 

Ftir Taraxacum war es, als die Rosetten im Spatherbst vollaus- 
gebildet waren, nicht schwierig, die Parzellen in bestimmte Gruppen 
zu vereinigen, Noch deutlicher traten die Unterschiede im folgenden 
Jahr, nachdem die Bliite eingetreten war, zutage. Innerhalb der Par- 
zellen waren alle Pflanzen hochgradig ubereinstiminend. Zu einer be- 
stimmten Gruppe konnte ich in einigen Fallen viele Parzellen, die ganz 
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iibereinslimmend erschienen, vereinigen, in anderen Fallen nur wenige, 
and schliesslich bildete in gewissen Fallen eine einzige Parzelle eine 
Gruppe. In dieser Weise erhielt ich 24 Gruppen. Von diesen waren 
indessen 6 andereii Gruppen sehr ahnlich und wichen nur in einzelnen 
Eigenschal’ten von diesen ab. Eine Parzelle war z. B. so auffallend 
spater aLs der Typus, deni sic sons! anzugehoren scliien, dass die Diffe- 
renz zwei Wochen betrug. 

Es gait nun festzustellen, ob die letzlgenannien Abweicher wirklich 
erbliche Kleinformen oder nur reine Modifikationen darstellten. Fiir 
die erste Alternative schien die Tatsache zu spreclien, dass alle Indivi- 
duen der abweichenden Parzelle in derselben Richtung variierten. 

Auch dieses Jalir wurden von alien Parzellen Pflanzen eingebeutelt, 
sodass Samen fiir weitere Versuche erhalten wurden und der gauze 
Versuch demnach wiederholt werden konnte. Beim Auspflanzen der 
neuen Parzellen iiu Herbst 1935 wurden die Gruppen libereinstimmen- 
der Parzellen vereinigt, sodass diese unter sehr ahnlichen Substrat- 
bedingungen wuchsen und so gcnauer miteinander verglichen werden 
konnten. 

Sclion dieses Jahr crwiesen sich von den erwahnten 6 Gruppen 4 
als nicht oder nicht sicher abweichend. Die erwahnte sehr spatbliiliende 
Parzelle hatte dieses Jahr ganz dieselbe Bliitezeit wie die Parzellen 
seines Typus. Offenbar war ihre Abweichung von rein niodifikativer 
Natur. (Jberhaiipt sclieint die modifikative Variabilitat bei Taraxacum 
eine ganz betrachlliche zu sein ohne aber die Grenzen zwischen den 
Typen unter gleichartigen Kulturverhaltnissen zu verwiscben. 

Zwei der 6 Gruppen schienen dagegen untereinander und von den 
wahrend des vorigen Jalires imterschiedenenl deutlichl abweicbend zu sein. 

Der gauze Versuch wiirde 1936 noch einmal durch Samenanbaii 
wiederliolt, weil ich eine ganz sichere Beurteilung der Gesamtvariabilitat 
erhalten wollle. Das Resnltat war mit dem des vorigen Jahres vollkom- 
men ubereiustimmend. Die Parzellen konnten ganz scharf in 20 
(18 + 2) Gruppen aufgeteilt werden. 

Ini Jabre 1938 land nur eine teilweise Wiederholung statt. Die 
oben erwahnten 4 wahrscheiiilich modilikativen Gruppen, die in bezAig 
auf Pigmentierung, Rosettenfarbe, Zersclilitzung des Blattrandes oder 
Form und Richtung der Hullblatter von ihreii Gruppen abzuweiclien 
schienen, wurden durch zwei Wiederholungen sehr sorgfaitig gepriift, 
da es wichtig war festzustellen, ob ihre Abweichung, die ganz kon- 
tinuierlich erschien, von Jahr zu Jahr und in den verschidenen VVieder- 
holuiigen ein und desselbeii Jahres in dieselbe Richtung gehen wiirde. 
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Audi einige Parzelleii, die walirend deii Iriiheren Jahren eine diminu- 
tive Abweichimg von ihren Gruppen gezeigt batten, wurden in derselbcn 
Weise wetter gepi’iil’t. 

Audi 1939 wiirde cin Teilversuch in gleiclier Uinlassung iind 
gleicher Aiiordnung wie 1938 aiisgeliibrt. 

Das Schlussresultat der ganzen, wahrend 5 Generationen fortge- 
setzten Untersudiung war, dass samtiidie Nadikommen der Ursprungs- 
pflanzen sidi auf 20 verschiedene Typen verteilten. Die aiifangs als 
Ivleinere Varianten vermuteten Abweidier erwiesen sidi alle als nidil 
erblich, waren demnach reine Modifikationen. Sie sdiwankten wahrend 
den Versuchs jahren zwisdien den Plus- itiid Minusgreiizen der Modi- 
fikabilitiit eines bestimmten Typus, 

Die Untersdiiede zwisdien. den Typen ( »Mikrospezies.'> ) waren 
mehr oder weniger ausgepriigt, immev aber deullich, distinkt. Seitdem 
idi die Nadikommen der Ausgangspnanzen in Parzellen nebeiieinander 
hatte, war idi in bezug auf ilire Aufteihing in eine Anzahl ganz be- 
stimmter und definiliver Gruppen ganz ini klaren. Es gab 20 Gruppen, 
zwanzig erblidi versdiiedene Typen. 

Idi nannte diese Typen sclileclitweg Nr. 1 — ^20. vSie uiiter den 
sdion besdiriebenen 450 »Kleiiispezies:> aufzusudien luicl niit gewissen 
dieser zu identifiziercn ware gewiss eine sebr miibsame Arbeit geweseii. 

Es war fur midi dalier von grossem Vorteil, dass iiieine Typen 
von dem bekaiinten Taraxakologen Gustaf Haglijnd diirdigesehen 
uiid identifiziert wurden. Idi beniitze die Gelegenlieit ibm aucli an 
dieser S telle bierfur meinen herzlidien Dank zu sagen. 

Folgende Typen wurden in meinen Versudieii festgestellt (audi 
die Anzahl der Parzellen jedes Typus, also seine Gesamtfrequenz an 
dem Mininiiareal in der Natur wire! angegeben); 


pijcnolobum Dt 51 

sagitiaiiim Dt 29 

retroflcxiim Lindb. fil 26 

polyodon Dt 14 

hrevlsectiim Palmgr 13 

angustisqiiameiim Dt 11 

caiidatiilum Dt 7 

cordatiim Palmgr 7 

sublaeticolor Dt 4 

minmhim Dt. 4 

xanthostigma Lindb. fil. ... 2 


(leqiiilobiiin Dt I 

Dahlstedlii Lindb. fil I 

deciirUitiim nov I 

di la latum Lindb, fil 1 

daplidem Lindb. fil 1 

fiilviim Raunk 1 

laeticolor Dt I 

longisqiiameum Lindb, fil. 1 
laeticeps IIagl 1 


Slim me 177 
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Alle Pfianzen ausser einer einzigen konnten mil fruher bcschriebe- 
nen »Mikrospezies^) idenlil'iziert werden. Diese einzige ist die deciirta- 
fan} nov. geuanute. Sie stand dem jnjciwlobiim-Typus nahe, wich aber 
in melirereii Eigeiischafteii, die sich diirch alle der 5 Generationen 
sclion wiederholleii, ab. Schou die junge Rosette wich von pijcnolohum 
dnrch ilire deni Roden angedriickten dunkelgrunen Blatter ab. Die 
/>ye/?o/o/>r/7M-Rosette hat etwas aurgerichtete Rosettenbiatter und die 
Blattt'arbe ist graulicli oder fast gelblicli grtin, ganz hell. Die Blattfarbe 
von deciir latum ist fast diinkel wie die von tenebricans, schwarzgriln. 
Die ausgewachsenen Rosetten haben kiirzere Blatter als die der pycno- 
lobiwu weshalb sie kleiner erscheinen; auch sind sie starker zerschlitzt. 
Diese Unterschiede geheii sehr gut aus den Fig. 1 und 2 hervor. Diese 
heben auch einen anderen, sehr charakteristischen Unterschied der 
Typeii hervor, namlich die kiirzeren Stengel von deciirtatum. Die 
iiusseren Hiillblatter sind die festeii, steif und kragenformig abstehenden 
von pycnotobiini, aber sie .sind kiirzer und der Kragen ist dichter. Durch 
die kurzeir Stengel erinnert deciirtatuni an den Zac/hro/or-Typus, bei dem 
sie jedoch so verkiirzt .sind, dass die Blutenkdpfe von den Bliittern 
fast libcrwachsen werden. 

Dieser Typus erinnert wohl in bezug auf die Hiillblatter an pycno- 
Jobiim, ist aber haliituell ebenso stark von diesem abweicliend wie 
z. B. Iaelicoloi\ sabhieticolor oder laeliccps, Der letztere Typus ist 
iibrigens ausser in nieinen Kultiireu nur ein paarmal in der niichsten 
Umgebung von Lund aufgefunden worden (Haglund, 1934). 

Unter den Typen gibt es also sowohl haiifigere als auch seltenere. 
Aber der Unterschied ist in beiden Fallen ganz ausgepragt. Unter den 
51 Parzellen (Ausgangspflunzen) von pycnolobam oder den 29 von 
sagittatiim waren ebensowenig feststellbiire Unterschiede zu entdecken 
wi(‘ unter den 4 von cordatiim oder den 2 von xantho stigma. Trans- 
gressionen Iralen nicht auf. 

Die Sonderpriigung der Typen war dagegen sehr vevschieden und 
damit folgte die Leichligkeit ihrer Unterscheidiing. Die Typen lougi- 
squameiim und xa at ho stigma crschieiieii mir so ahnlich, dass ich sie 
anfangs in einc 3 Gruppc vereinigte. Erst als die Parzellen nebeneinander 
standen, traten auch ihre Unterschiede zutage. In iilinlicher Weise ver- 
liielten sich brcvisectuni und mimiilam. 

Uberhaupt war eine Entscheidung der Frage, was ahnlich oder sehr 
abweicliend war, zu grossem Teil davon abhangig, welche Merkmale fiir 
die Beurteilimg ausgewahlt wurden. Der dikitatiim-Typus erscbien mir, 
iiaehdem ich mein Material dvci Generationen hindurch beobachlet 
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hatte, sowohl dem loiigisqiiaineiim- als dem xanthostigma-Typns sehr 
alinlicli. Sie schieneii eine ganz intime Dreigruppe zu bilden. Be- 
traclitete man abei* die Sondermerkniale von dilatafiim, so erinnerte 
der Typiis durch seine stark zuruckgeschlagenen Hullblatler an retro- 
flexiini, in beziig auf gewisse Rosettenmerkmale an cordatiim sowie in 



Fig. 1. Der Mikrotypus pijcnolobiim. 

beziig auf die Bliitefarbe und die weitgeoffneten und laiige offen ste- 
benden Bliitenkopfe an pijciiolobum. 

Das angefubrte Beispiel von dilatatiim konnie, man fiir jeden 
Typus vervielfaitigen. Samtlicbe Typen bildeten offenbar eine einzige 
Kombinationsgruppe, ein Kombinationsfeld, keiue Serie oder Reihe, die 
in Sondergruppen aufgeteilt werden konnte. 

Dass von Taraxacum officinale auf einer ausgewdhiten Fldclie eine 
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bestimmte iind begrenzte Anzahl morphologisch distinkter Typen aiif- 
Lveten, die nicht diircli kontinnierliche Zwischenf ormen verbanden sind, 
ist also duvch meine Yersuche festgestellt. 

Nun erscheint indessen die Frage berechligl, ob iiiclit kleinere erb- 
liche Formen vorkommen, namllch solche, die nicht morphologisch 



Fig. 2. Der Mikrotypus dccurlatum. Die niit pycnolobiim vergliclien Ideinereii 
Rosetteii nnd kurzeren Stengel Irelen dciitlich zutage, 

festgestellt werden koiinen. Vielleicht gibt es physiologische Unter- 
schiede, die die Assimilationsintensitat, die Nahrstoffsselektion, die 
Atmungskapazitat usw. betreffen. In diesem Fall versagt das morplio- 
logische Experiment, mag es noch so sorgfaltig durchgefiihrt sein, giinz- 
licb* Der Einwaiid, dass es binnen den morphologischen Grundtypen 
kleinere Unterschiede geben konnten, ware demnach nicht entkraftigt. 
Dieser Einwand ist natiirlich theoretisch berechtigt, aber kaum, wie 
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Avir weiter sehen werden, real. Wir wissen namlich nuiimehr, dass 
die Wirkungsweise eines Gens pleiotrop isl. Ein Gen ist kein Organ- 
bildner, der eiiie einzige Eigenschaft bedingt, sondern das Gen scblagt 
ini ganzen Organismus durch, und das nicht nur morpliologisch, son- 
dern auch biologisch und physiologisch. Das ist schon ein genischer 
Tniismus. 

Bei Taraxacum I'indet man, wenn eiiie Beobaclilung der biologisch- 
physiol ogisclien Eigenschaften der Typen vorgeiionimen wird, bald 
ganz ausgepragte Uiiterschiede auch in dieser Hinsichl. Dies sei an 
einigen charakteristischen Beispielen veranschaulicht. 

Gewisse Typen sind morphologisch dadurch ausgezeichnet, dass 
ihre Blattspreite nicht einheitlich grun ist, sondern einen braunen 
Blattsauni hat {longisqiianxeiim, siihlaeticolor, laeticeps), Gleichzeitig 
zeigen sie stark verUingerte und belle BlattzipM, belle Rosetten mil 
dein Boden stark anliegenden Blattern, in die Rosette tief versenkte 
junge Kdpfchen und fruheres Blilhen im Friihjahr als die Mehrzahl der 
iibrigen Typen. Mit deni Gen lur das auffalieiidste morphologische 
Merkmal, das Makulieren, folgen also inelirere Eigenschaften der 
Struktur und Rhythmik der Pflaiize. 

Die Uiiterschiede in bezug aul das Erreichen der Bluhfahigkeit 
wahrend des ersten EntAvicklungsjahres wareii auch sehr ausgepragt. 
Im Jalire 1934 wurdeii die Elide Mai geernteten Sameii unmitlelbar 
gesat und die juiigen Pflanzen Anfang August ausgepflanzt. Ende 
Oktober bluhteii samtliche Parzellen von pycnohbiim, welclier Typus 
die grosste Anzahl von Nachkommen, namlich 51, hatte. Von sagit- 
iatiim, von deni icli die nachsthochste Parzellenzahl hatte, namlich 29, 
war bei keiner einzigeii Nachkomiiienschaft eine bliiliende Pflanze zu 
sehen. Vereinzeltes Bliilieii zeigten diiplidens, polyodon und retroflcxiiin, 
Es ist also offenbar, dass gewisse physiologische Eigenschaften ebenso 
fest mit dem Typus verknilpft sind wie die morphologischen. Denn 
keine einzige pijcnolobum-, wie auch keine einzige sagittatiim-l^ixch- 
koninienschaft, wich von ilirem Typus ab. 

Ill bezug auf den Nyktitropismus der BUUen wareii bei den ver- 
schiedenen Typen auch ganz deutliche Uiiterschiede festzustellen. Die 
Kopfchen sind bei ilirem »Offnen» und »Schliesseii» sehr von der 
Sonne abhangig. Diese Eigenschaft kann daher nur an Tagen mit 
voller Sonnenbestrahlung beiirteilt Averden. Eine Untersuchung, die 
unter optimalen Bedinguiigen vorgenommen wurde, zeigte, dass bei der 
Mehrzahl der Typen schon frlili Nachmittags ein Scliliessen der Kopf- 
chen eintrat. Filr sagittatiim war diese Zeit schon ein wenig ausge- 
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dehnt, bis 2 Uhr, fur dilatatiim ganz inarkiert, bis 3 Uhi% fur pycnolo- 
bam eadlich sehr auffallend, bis 4 Uhr. Von besonderem Interesse ist, 
dass pycnolobiim, welcher Typus in beziig auf die Bliihperiode eine 
Verkiirzung zeigt, in bezug auf die Pcriode dcs Nyktitropismus eine 
Verlangerung aiifweisl. Die gauze Rliythmik dieses Typus ist demnach 
sehr abweichend, wahrscheinlich bedingt durch ein Gen mit vielseitig 
physiologischem Effekt. Dass ein uiid dtisselbe Gen diese verschiedenen 
und cxtremen Eigenschaften bedingt ist wahrscheinlich. Sie bezeichnen 
wohl ixur zwei wahrend der oiitogenetischen Entfaltung der Pflanze 
aufeinander folgende Reaktionen desselben Agenz (Geiiwirkung). Und 
vielleicht ist dieses Gen dasselbe, das auch fur viele der extremen 
morphologischen Merkmale des Typus verantwortlich ist. 

Ein ganz und gar sonderartiger nyktitropischer Typus ist kieticeps. 
Wahrend samtliche andere Typen bei bewolktein liimmel ihre Kopf- 
chen schliessen oder geschlossen halten, hat laeticeps auch unter dieseii 
Verhaltnissen weit geoffiiete Kopfchen. Der Typus niinmt hierdurch 
eine ganz auffallendc Sonderstellung iin Taraxaciim-y evsuch ein. 

Die pbysiologischen Eigenschaften der Typen zeigen eine ebenso 
grosse Ubereinstimmung wie die morphologischen. Alle Linieii eines 
Typus reagicren in bezug auf Tropismen und Periodizitiiten offeiibar 
ganz gleichartig. Ware die Variabilitilt biologischer und physiologischer 
Eigenschaften grosser als die der taxonomischen und habituellen, also 
der morphologischen, so ware auch zu erwarten, dass die Reaktions- 
weise in bezug auf die Lebeiisausserungen der verschiedenen Linien 
eines Typus in einigeii Fallen Unterschiede aufweisen sollten. Das traf 
nicht zu. Die pbysiologischen Merkmale sind daher, soweit die Unter- 
suchiing diesbeziiglich durchgeluhrt worden ist, von ganz denselben 
Genen abhangig wie die morphologischen. Der Effekt dieser Gene ist 
nur stark pleiotrop. 

Dieses Ergebnis macht es auch sehr wahrscheinlich, dass kleinere 
biologisch-physiologische Unterschiede, ebensowenig wie taxonomische, 
innerhalb der Typen vorhanden sind. Diese sind ganz gleieliforinig. 
Wie sind sie dann vom genischen und variationsbiologischen Gesichts- 
punkt aufzufassen? Dies ergibt sich dann auch uninittelbar. Es ist 
nur eine Deutuivg mdglich: Sie sind die kleinsten erblichen Varianten 
•der Population Taraxacum officinale, Sie sind die Genotypen oder, 
falls man diesen ganz identisclien Terminus bevorziigt, sie sind die 
Biotypen. 

Es ist also hochst wahrscheinlich, dass die »Arten», die »Mikro- 
^pezies», die »Typen» — wie ich sie bis jetzt schlechthin genannt habe 
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— die von den Taxonomen bei T. officinale aiisgescliieden und be- 
schrieberi wordeii sind, nur die Rekombinanlen der Population dar- 
stellen, also die Biolypen. Ganz sicher kann man indessen diesbeziig- 
lich nicht sein. Der Biotypus ist ja eiii genischer BegrilT, der absohiie 
Identilat der Konslitution bedeiitet, Es ist desbalb schwierig, ilm fiir 
systeraatische Zwecke zii verweiiden. Dean aucli wenn die Varianten, 
die »Mikrospezies», Biotypen sind, wie ich oben 1‘iir Taraxacum wabr- 
scbeinlicb inacbeii konnte, so kann man es nicht mit vollkomincner 
Sicherbeit behaupten. Es bestebt jedenfalls die Mdglicbkeit, dass zu 
ein and demselben Typiis in seltenen Fallen mebr als ein Biotypus 
geboren kann, wenngleich die Unterscbiede zu gering sind, um mor- 
phologiscb Oder physiologiscb I'eslgestellt werden zu konnen. Es ist 
unwabrscheinlicb, aber moglicb. 

Es erscheint mir daber unrichtig, den Ausdruck Biotypus fur 
systematiscbe Einheiten zu vervvenden, aucb wenn man mit gross ter 
Wabrscheinlicbkeit aniiebmen kann, dass solcbe iinterscbeidbar sind, 
Aber ebenso unrichtig, ja widersinnig ware es, eine Bezeicbiuing, die 
auf »Arb> oder »Spezies» hinzielt, zu benutzen. Spezies bedeiitet ja in 
der Syslematik eine Population, einen Varialionskreis, eine Kom- 
binationsspbare, oft unzahliger Varianten. Eine »Mikrospezies'i- von 
Taraxacum ist ein invariabler Typus, ganz starr, eine Koinbinatlon 
innerbalb einer grosseren Population. Das zeigen die »Mikrospezies». 
Sie konnen nicht in Kleingruppen oder Reiben zusammengefasst wer- 
den, da ibre Gesamtbeit eine Population bildet, und sie selbst stellen nur 
die verschiedenen Kombinationen gewisser Grundgene dar. 

Aber sie sind konstant, sagt man; sie bebalten ibre Eigenschaften 
aucb in Kulturversuchen imverandert bei. Natiirlicb, aber nur weil sie 
agamosperm sind. Sie warden aber, falls Samenvermebrung eintreten 
konnte, keine Konstanz aufweisen. Denn die Mebrzahl der Typen sind 
iaut den Untersuchungen von Gustafsson (1932) triploid. In der 
Nacbkommenscbaft miisH dann Variabilitiit, und zwar eine sebr reicbe 
und auffallige, eintreten. Das zeigen ja die fast unzahligen wabrend 
den letzten Jahrzehnten ausgefubrten Untersucbiingen von Triploiden 
verschiedener Gattungeii zu voller Evidenz. Da aber keine Befrucbtung 
stattfindet, sondern die Vermehrung ganz vegetativ vor sicb gebt, wird 
ja die Reprodiiktion rein klonal, ganz als ob sie z, B. diirch abfallende 
Bulbillen verursacbt wiirde. Die » Konstanz » der Typen kann daber als 
Begrlindung fiir eine Speziesbezeichnung gar nicht herangezogen wer- 
den, Denn solcbenfalls rniissten alle Klonen des Pflanzenreicbcs als 
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Spezies aiifgefasst werden. Und das ist eine imheimliciie Konseqoenz, 
vor der jeder Systeinatiker zurilckschrecken wilrde. 

Da man im abgchandelten Fall keiiicsfalls die Bezeichiiung Spezies 
und nicht gern den Ausdruck Biotypiis I’iir die Vaidanteii verwenden 
kann, erscheint es niir notwendig, sic mil einem neuen Ausdruck zu 
belegen, Ein soldier, der mir sehr adaquat erscheint, ist Mikrotypiis. 
Dieser besagt, dass wir es mil. den kleinsten iinterscheidbaren Varianten 
zu tun haben, und nicht mehr. Er hebt ausserdem durcli den »Typus»- 
Begriff hervor, dass diese keine kontinuierlidie, untreiinbare Reihe 
bilden, sondern als habitiiell gut umschriebene Varietilten je fiir sich 
gekeniizeidinet werden konnen. Eine grossere Population^ Taraxacmn 
officinale, kann also bei genaiiem Durchforschen durch Spezialisten 
restlos in Hire Mikrotijpen aufgeldst werden. 

Aber weshalb, kann man nun einwenden, ist es bei Taraxacum 
moglich, Mikrotypen zu unterscbeidea? 1st es nicht paradoxal, dass 
man bei einer Spezies, die eine ausserordentlicbe Variabilitiit aufweist, 
eine ungeheure Anzahl von Varianten luitersclieiden kann, wahrend man 
bei der Mehrzahl der Arten des PHanzenreiclies nur eine fast kon tinnier- 
liclie Variation beobachtet, und in diesem Falle die wenigen, markier- 
teren Varianten gar nicht zu bestimmten Typen ziisaniraenfassen kann? 

Die Erklarung dieser friiher ganz iinverstandlichen Tatsache ist 
indessen gewiss auch in der besonderen Vermehrimgsweise bei 
Taraxacum zu suchen. Sie ist nur die Folge der agamospermen Samen-; 
bildung. 

Bei einer agamospermen Pflanzenart muss die Selektion eine sehr 
viel effektivere Wirkung haben als bei einem sexuellen Fremdbefruch- 
ter. Bei letzterem ist die Ivombination frei; die Biotypen niiissen ganz 
kaleidoskopisch entstelien und verschwinden. Die schwacheren Bio- 
typeii werden wohl aiisgemerzt, aber sie werden durch die Gameten 
anderer Pflanzeii der I^opulation wieder neugebildet. Ihr Gametentypus 
»parasitiert» an den vitalen Pflanzen. Die Variabilitiit wird sehr ziihe 
in ihreiii ganzen Umfang festgehalten. Nur sinkt natlirlich die Fre- 
quenz der avitalen Typen, Vollkommen ausgemerzt werden sie, wie 
eine theoretische Ijberleguiig zeigt, niemals. 

Eine ganz andere Wirkung hat dagegen die Selektion an einer 
Spezies, die agamospei'me Fortpflanzung erhalten hat. Die Agamo- 
spermie ist bei den Kompositeen, wie schoii Mendel (1869) fiir 
Hieraciiim gezeigt hat und wie Ostenfeld (1910) spater bestatigeii 
konnte, dominant, Wird also ein teiiweise agamospermer Biotypus mit 
einem sexuellen gekreuzt, so wird die ganze Nachkommenschaft agamo- 
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sperm. Hieraus folgt, dass die agamospermen Biotypen in der Popnla- 
iioii (Spezies) melir uiid mehr zuuehinen niusseu, bis eiidlicli ihr 
ganzer BioLypeniniial! von der Agamospermie »fixiert» wordeii hi. Alle 
Biolypen sind dann »koiislant» und gebeii nur ganz idenlisclie Naeb- 
kommen; sie sind zu Kloneii geworden. 

Nun setzt die Selektion mit einer gewaltigen Wirkung ein. Denu 
alles was nicht vital ist wird definitiv ausgemerzt. Alle schwachen Bio- 
typen verschwinden. Hire Neubildung ist ausgeschlossen, denn es I'indet 
keiii sexueller Prozess mehr stall. Nacli und nach gehen neue Biotypen 
zu Grunde, die nicht ganz konkiirrenzkraftig sind. Die Spezies, die 
urspriinglich als sexuell vielleicht Millioneii von verschiedenen Bio- 
typen gehabt hat — diese Anzahl wird schon durch die Kombination 
von 20 Genen gebildet — verarmt allmahlich an Biotypen. Diese Ver- 
armung schreitet schnell vorwarts, reduziert die Million auf Hundert- 
taiisend, Huiiderttausend aut Tausend und Taiisend aut einige Hundert. 

Und was geschieht dann? Ja, die verhleibenden Biotypen beginnen 
morphologisch sichtbar zu werden. Die Spezies ist polymorph gewor- 
den. Aber weshalb? Weil ihre urspriingliche, sehr grosse Variabilitat 
ausserordentlich stark hevabgesetzt worden ist. Dies ist der wirkliche 
Gang der Erscheinung der Polymorphic! Die Polymorphie beruht nicht 
auf einer Vermehrung der Varianten, sondern auf einer ganz kata- 
strophalen Verminderung ihrer Anzahl. 

Was ist es also, das in einer polymorphen Art ubrig bleibt? Die 
Biotypen. Ganz wie frliher nur die Biotypen. Aber nur gewisse und 
sehr wenige Biotypen. Die vitalen Biotypen. Nun sehen wir klar, wie 
unsinnig es ist, diese dann Spezies zu nennen. 

Wahrscheinlich bezeichnen die 450 unterschiedenen skandinavi- 
schen Taraxaca den ganzen oder sehr nahe den ganzen Biotypeninhalt 
der alien Spezies T. officinale. Nur weil es aus den oben angefiihrten 
Griinden nicht als zulassig angesehen werden kann, den nur in streng 
konstitutioneller Bedeutiing verwendbaren Ausdruck Biotypus als nior- 
phologische Bezeichnung zu benuizen, wahlen wir fiir diese wahrschein- 
lichen Biotypen den Ausdruck Mikrotypen. Mit deni sorgfalligen Fesl- 
stellen der Mikrotypen einer vollstdndig agamospermen Spezies haben 
wir auch, jedenfalls sehr nahe, ihren Biotypeninhalt ermittelt. 

Wir haben also nunmehr einen ganz klaren Einblick in die Ur- 
sachen der Polymorphie gewisser Arten und Gattungen. Wir wissen, 
dass ihre Komponenten nichts anders als Restbiotypen sind. In diesem 
Punkt ist also eine weitere Erorterung, die ihre »Rangordnung» fest- 
stellen sollte, ganz ilberflussig. Sie sind die kleinsten Bausteine der 
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Spezies. Sie haben keinen Rang. Ebensowenig wie die Ziegelsteine 
cines Hauses vor dem Bauen ciiicn Rang von differcnzierten Teilen des 
Gebaudes haben. 

Es verbleibt nun die Frage, ob die Populalion Taraxacum officinale 
als eine einzige Spezics, T. officinale Web., aiiigelasst oder ob diese in 
weitere Formenkreise, die pflanzengeograpbiscb, dkologisch unci zyto- 
logisch mehr mil den Artpopulaiioneii allogamer Spezies iibereinstim- 
men, zergliedert werden soli, Ich niochte bier nicbt naher auf diese 
Frage eingehen — ich werde sie im Zusammenhang mil anderen »kriti- 
scben» Genera in einer grdsseren Arbeit eingehender bebandeln — 
sondern nur ancleuten, dass ich ini allgemeinen die Subgenera Daiil- 
STEDTs als Spezies betrachte (also T. viilgare, paliistre, ceratophoriim 
etc.). Eine zytologisch-okologiscbe Begriindung hierfilr hat Gustafsson 
(1935) verdt’fentlicht. Fine genisch-experimentelle ist wegen der Agamo- 
spermie ganz ausgeschlossen. 

Eine Aufteilung einer Spezies in ihre 'Mikrotypen ist uatLirlich nur 
bei agamospermen oder uberhaupt bei apoiniktiscben Arten diirchfuhr- 
bar, Schon die amphimiktischen Autogamen sind gewdhnlich keiner 
so stark selektiven Elimination von Biotypen ausgesetzt wie die Agamo- 
spermen, weil Kreiizungen zufallig vorkommen, durch die dann neue 
Biotypenschwanne geschalTen werden. Dass jedoch, wenn Vizinismus: 
selten stattfindet, Variabilitatsverhaltiiisse aultreteii, die sehr auffal- 
lend an die von Taraxacum erinnern, das zeigen die seit Jordan be- 
kannten mikrotypenahnliclien Erscheinungen bei Eropliila vcrna (L.) 
F. Chev. Das Zerf alien einer vollstdndig autogamen Spezies in Mikro- 
typen ist eine ebenso absolute Notwendigkeit wie das einer vollstdndig 
agamospermen. Die genische und selektive Konsequenz fiilirt in beiden 
Fallen auf verschiedenen befruchtungsbiologischen Wegen zum selben 
Ziel (Heribert NilSvSON, 1930). 

Die selektive Verarmung des Biotypeninhalts von Taraxacum, wiei 
sie oben dargestellt worclen ist, ist naturlich nur imter der Voraus- 
setzung giiltig, dass keine Neubildung von Mikrotypen stattfindet. 

In bezug auf diese Frage sclieinen die Taraxakologen durch ihre 
Feldstudien zu der Auffassung gekommen zu sein, dass die Mikrotypen- 
zahl begrenzt ist und dass neue Typen nicbt auftreten. Vor allem hat 
Marklund (1940) in einer mnfassenden Arbeit diese Ansicht bestimmt 
vertreten. »Unter den Arten», hebt er hervor, »die in Nyland siclier 
Oder moglicherweise in natiirlichen Pflanzenvereinen heimisch sindj 
gibt es, wie aus dieser Darstellung hervorgegangen ist, gar keine im 
Untersuchungsgebiet oder uberhaupt in Finnland endemiscben. Nichts 
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deutet somit darauf hin, dass die in naturlicher Vegetation gedeihende 
Taraxaciim-Flovix des untersnchten Gebietes wahrend der postglazialen 
Zeit den alter geriiigsten Ziischiiss durch Neuentstehung erliallen liatte» 
(L c., p. 36). Nur an ausgepragten Kulturstandorten I'indet er eine nichl 
unbetrachtliclie Aiizahl von Mikrotypen, die iiirgendwo ausserhalb des 
Gebietes gefunden worden sind. Schon ihr Auftreten betrachtet er als 
sehr bezeichiiend dal iir, dass sie eingeschleppt worden sind. 

Das Resultat der Feldstudien von Marklund scheint also die Auf- 
fassung zu bestatigen, dass die selektive Verarmung an Biotypen nicht 
durch eine Neiibildiing von solchen kompensiert wird. Die Depaupe- 
rierung der Population an Varianten ist endgiiltig, ganz wie man dies auf 
Grund von genischen Oberlegungen zu erwarten hat. 


Bei Abschluss meines Manuskripts erhielt ich die sehr schone ex- 
perimentelle Arbeit von Sorensen und GudjOnsson (1946) liber 
Taraxacum. Sie fllhren ganz unwidersprechiich den Beweis durch, dass 
auch jetzt neue Mikrotypen entstehen. Yor allem weisen sie das Auf- 
treten von Chromosomenvarianten, Aberranten, nach, wie sie diese mit 
einem von WiNGE eingefuhrten Ausdruck nennen, 

Diese Aberranten entstehen durch das Wegfallen Oder Hiiizukom- 
men eines, in gewissen Fallen luehrerer Chromosomen. Da die diploide 
Zahl 24 ist, haben die neuen Fonnen 24^ — 1, 24 — 2, 24 — 3, 24 — 4, 
24 — 5, 24 + 1, 24 + 2. Ausserdem warden Polyploide gefunden, die 
sowohl Verdoppelung der Gnmdzahl (also 2n = 48) wie aneuploide 
Verdoppelung 2n = 2 (24 — 1 ) = 46 usw, zeigten. Hierdurch erbalt 
man eine sehr ergiebige Quelle fiir die Prodiiktion neiier Fonnen. 

Die erwahnten Forscher haben auch, besonders flir die Zahl 
2n = 23, bewiesen, dass wirklich alle erwarteten Aberranten auftreten. 
Da die Grundzahl n — 8 ist — was Gudjonsson durch das Auftreten 
von 3 ganz ahnlichen Gruppen von Chromosomen ini Karyotypus zyto- 
logisch festgestellt hat — so sind 8 verschiedeiie Aberranten zu erwar- 
ten. Sie sind auch alle gefunden imd beschrieben worden. 

Was ist nun die weitere Konsequenz dieser clironiosomalen Ver- 
haltnisse? Natiirlich die, dass sdmtliche diese vielen Aberranten bei 
alien Mikrotypen vorkommen konnen. Mit anderen Worten: Jeder 
Mikrotypus kann sich mit jeder Aberrante kombinieren. Von Mikro- 
lypus pijcnolobum hat man z. B. 8 Aberranten. Aber auch bei den 
iibrigen konstatierten, sagen wir 449, Mikrotypen sind von jedem 8 neue 
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Formen zu erwarten. Das machFsclion 3.592. Aber dazu koniiiien 
neue Aberranteii von den ncuen’aneuploiden Zahlen (24 — 2, usw.) und 
neiie Polyploide und aneiiploide Polyplolde. Die nidgliche Anzahl 
iieucr Aberrauten steigt damit fast in das UnermessHche. 

Diese Resultate sind experimentell begruiidet. Dass also eine tiber- 
<nis reiche Neiibildiing von Biotypen innerlialb der Mikrotypen statt- 
findet isl: sicker. 

Wie lassen sich nun diese Resultate mil den ganz entgegengesetzten 
der Taxonomen vereinigen? Und weiter fragt man: Weshalb haben 
die Taraxakologen, die oft Kulturversuche ausgefuhrfc babeii, niclits 
von dieser Erscheinung beobachtet? 

Eine gewiss richtige Erklarung fiir die letztgenannte Diskrepanz 
geben S0rensen und Gudjonsson in ihrer Arbeit (p. 7): teils hat man 
nur winzige Nachkommenschaflen aufgezogen, teils sind beim Aus- 
pflanzen gewiss die kraftigeren Pflanzen ganz unbewusst ausgelesen 
wordeii. Meine Methodik krankelte gewiss an diesen be.iden Febler- 
quellen. Aber meine Versuche bezweckten, nicht neue Varianten auf- 
zLisucben, sondern ich wollte nur die vovliandene Variabilitat fesLstellen. 
Als Untersiicluuigen iiber eine Formeniieubildung haben sie deslialb 
keineii Wert. 

Von den S0RENSENschen Aberranteii babe ich nur eine einzige 
gefunden. In einer Nachkommenscbaft von pohjodon trat 1934 eine 
abweichende, diffus gelbblaltrige Pflanze auf. Wie ich jetzt sehe, 
stimmt sie sebr gut mit der Aberrante olivacea iiberein. Diese trat 
auch in den Versuchen von S0RENSE]sr gerade bei pohjodon » fairly 
frequently.') auf, 

Noch eine abweicbende Form, die mit keiner seiner erwahnten 
Aberranteii iibereinstimmt, trat in einer Nachkommenscbaft von julmim 
auf. Die Pflanze wich von ihrem Mikrotypus durch ibren sebr uppigen 
Wiichs ab. Das Format war in bezug auf alle Organe das doppelte. 
Fig. 3 zeigt dies sebr gut. Recbts siebt man eine Parzelle des fulviun- 
Mikrotypus, links eine ibres Abweichers. Der Unterscbied ist auffallend. 

Durch das Aiisseben des Abweichers war ich sogleich fest davon 
uberzeugt, dass bier eine polyploide Form vorlag. Leider wurde keine 
Cbromosomenbestimmung ausgefiihrt. Meine Versuche wurden 1939 
abgebrochen, weil ich das mir gesetzte Ziel damals als erreicht hetrach-- 
tete. Als ich 1945 die Versuche mit fulviun iind ihrer abweichenden 
Form wiederaufnehmen wollte, zeigte es sich, dass die Samen nicht 
mehr keimfaliig waren. 

Die Resultate von S0RENSEn zeigeii nun, dass die Polyploide gar 
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nicht das Ausseheu meines giganteiim-Typu^ haben. Sie siiid kleiner 
als ihre Muttermikroiypen, sie haben einen gcdrungenen Witclis. Die 
Bliitenkoprchen sind indessen auffallend gross. Die Pflanze ist deshalb 
sehr disproportioniert. Von einem Gesamlriesen wie bei meineiii 
(jiganteiim-Ah^wdcher ist dort keine Rede. Dieser muss daher eine Neu- 
varianle ganz anderer Natur darstellen als der einer Tetraploide (Hexa- 
ploide). Leider ist nun nicht einmal das Ermitteln ihrer Chromosomen- 
zabl iiielir moglich. 

Bass der giganfeiim-Ahv^eichev aus fiilimm bervorgegaiigen ist, 
dar Liber besteht kein Zweilel. Er bat nicht mir den Habitus dieses 
Mikrotypus, nur im grossereii Format, beibebalten. Er bat auch die 
sehr charakterisliscbe Samenlarbe dieses Typus, die nicht ziegelrot, wie 
bei der Mebrzabl der tibrigen Erijthiosperma, sondern hell gelbrot 
(terrakotta) ist. Ferner ist keine ahnliche Form unter den schwedi- 
scben Taraxaca bekannt. 

Durcb die Untersucbung von S0RENSEN und Gudjonsson ist also 
testgestellt, dass bei Taraxacum sehr baulig chromosomale Varianten 
auftrelen. Fiir die beiden am ausfuhrliebslen untersuchteii Mikrotypen, 
lacinovdfrom und polijodon, geben sie den Prozentsatz 2,i resp. 1,3 an. 
Aber einzelne Mikrotypen zeigen eine noch starker erhbbte Aberraiiten- 
produktioii. Fiir pvoiractifrom linden sie 8 %, liir expalUdiforme 
4,2 %. Bei anderen Mikrotypen war der Prozentsatz dagcgen viel 
niedriger; bei bracteatiiin 0,2 % und bei copidopIujUiim 0,i %. 

Diese uberaus reiche ProduJdion von Aberranten, also auch von 
neuen MikroUjpen, scheint meine oben angefuhrte Ansicbt liber den 
Elfekt der selektiven Verarmung bei Taraxacum umzustilrzen. Denn 
man muss wohl aniiebmen, dass die Selektion durcb diese reiche 
Mikrotypenneubildung kompensiert werden sollte. 

Das ist aber keineswegs sicher. Wie ich sogleicli zeigen werde, 
ist es ganz unwabrscbeinlicb. 

Studiert man die Angaben von S0KENSEN liber die Vitalitat der 
Aberranten, so lindel man, dass sie schwacher sind als ihre Mutter- 
mikrotypen. So ist z. B. hci elegam » the fertility noticeably reduced, 
the heads always containing a relatively large number of empty 
achenes». Ober truncata heissi es: »This aberrant shows some tendency 
to collapse during the flowering, giving rise to ’gapsVin the rows»; und 
weiter: »The fertility is somewhat reduced, a great many empty or 
poorly developed achenes being always present ». Uber hamosa wird 
berichtet, dass » after the flowering and ripening of the fruits in the 
second or third year a larger or smaller number of the plants will die 
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^vithout any previous symptoms of weakness ». Die Aberraiite olivacca 
bat, wie oben erwahut, dil’fus gelbgefleckte Blatter. Sie bat zarteren 
VViichs unci kleiiiere Kopfclien als ilir Muttermikrotypus, was wohl mit 
einer herabgesetzten Assimilation der gelblicheii Blatter einhergeht. 
Die crassijolia bildet keineswegs eiiie kraftige Pflanze. Sie ist kleiii- 
wiichsig mit sehr kleiiien Kopfchen, die ein auffallend grosses In- 
volucrum haben. Hire Blatter sind klein, aber selir dick. Tenuis bildet 
eine kleine, fast sterile Pflanze und pijgmaea ist ein Zwerg mit einem 
Wiirzelsystem wie ein Hexenbesen. 

Alle diese sieben Aberranten haben offenbare konstitutionelle 
Schwaclien, die ihre Vitalitat stark herabsetzen und Hire Konkiirrenz- 
kraft auf ein Minimum reduzieren. 

Nur eine der primaren Aberranten (2n — 1) ist kraftig und scheint 
ill bezug auf Bau und Fertilitat ilireni Muttermikrotypus gleicliwertig 
zu seiii, namlicli phimosa. Aber aucli diese zeigt Eigenscliaften, die auf 
eine dishariiionisclie Konstitution liinweiseii. Die Blatter sind z. B. 
konvex liinubergebogen, etwas gekrauselt, was eine niclit ungewoliii- 
iiclie Ersclieiiiimg bei Miitaiiten mit herabgesetzter Vitalitat (z. B. bei 
Oenothera} ist. 

Dass samtliclie diese Aberranten eine geringe Konkurrenzkraft 
liabeii, gelit aucli aiis der Tatsacbe liervor, dass sie von Sorensen nur 
einige wenige Male in der Natiir gefmiden worden sind. Sie sind dort 
•also sehr selten. Triincata hat er dort nur viermal angetroffen, elegans 
zweimal, phimosa einmal. Das ist alles. 

Dass die Aberranten von Sorensen eine so geringe Konkurrenzkraft 
besitzen, dass ilir Selektionswert auf Null sinkt, wird dadurcli bestiitigt, 
dass sie den Taraxakologen aas der Natiir imbekannt sind. vSkandinavi- 
sclie Taraxaciim-TF ovscliev, die sicli lebenslaiig mit der Untersclieidung 
der kleinsten Varianten in der Natur bescliaftigt haben und die ein 
ausserordentlich geiibtes Auge fiir neuauftauchende Fornien besitzen, 
keniien die grosse und aiiffdllige Variabilitiit in den Kultureii von 
Sorensen niclit. tlierfur gibt es nur eine einzige Erklariuig. Sie 
sind dort niclit zii findeii. Sie werdeii nacli Hirer Entsteliiing selir 
sclineli wieder ausgemerzt. 

Naturlicli koiinen die Aberranten in der Natur ebenso cntstchen 
wie im Versuclisgarten yon Sorensen. Es ersclieint wohl ausge- 
sclilossen, dass das Versetzen von Taraxaca in eineii Garten eine Muta- 
bilitat auslosen wilrde. Taraxacum ist ja schoii stark kulturgebundeii, 
jedenfalis die Vu/garfa-Pormen. Zufaliig kann man sie in der Natur 
:antreffen, aber selir selten, wie ich oben bericlitet babe. Sorensen 
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erwalinl aiich (l. c., p. 15), class Lindberg i^il. ein einzigesmal seine 
Abcrranle pluniosa gnruiiden unci sie aticli kiiltiviert liat. Das zeigt ja, 
class (las Unic‘rstdi(Mden der Aberranlen den Taraxakologen keine 
Scliwi(U’igkeil l)ereikd. AIxm' es konnnt nur gaiiz zufallig vor, dass sie 
(‘ine sokdie Prianze. zu seheii bekoinmen, weil die AbeiTanten sicli nur 
ganz oline Koiikiirrenz durchseizen kchnien. An zufallig vegetations- 
freien Fl(‘ckcvn kiuineu ilire Samen kcimen imd sich zu Pflanzen 
entwickeln. vSobald ein konkurrierender Bestand aufwachst, ver- 
sciiwinden sie. 

Aus den angefuhrten Talsacben ergibt sich, dass die grosse und 
auffallende Prcxluktion von neuen Mikrotypen, die durch die Versuche 
von vS0UENSEN und Gudjc)NSSON nachgewiesen worden ist, meine 
Scliliisse in bezug auf die naturliche Variabilitat, den Biotypeninlialt 
und die selektive Verannung bei Taraxacum ganz unberuhrt lassen. 
Falls iJire Ergtdniisse meine Scblussfolgerimgen beeinflussen, so ist es 
in positiver Richtuiig. 

Man muss nilmlieh sagen, dass die neuen Tatsachen die Auf- 
fassung des selcdv liven Ausmerzens grosser Mengen von Biotypen be- 
weisen. Sie beweisen namlicli, dass auch gauze Schwarme von Mikro- 
lypen, von chiren Existenz wir bis jetzt nichts wussten, auftreteii und 
Dcrschwinden wie ein Rauch im Sturm. In ahnlicher Weise verschwand 
auch die Mehrzahl der rekombinierteii Biotypen, nmiilich alle nicht 
vollvitalen, sobald die Variabilitat durch die Agamospermie fixiert wor- 
den war. Sie waren durch das rekombiiiierende Spiel nicht mehr zu 
retten. Und die jetzt noch entstehendeii neuen Mikrotypen sind schon 
vom Anfang an clem selektiven Ausmerzen preisgegeben. Sie sind wohl 
ubrigeiLS auch nicht neu, sondern genische Neiikombinationen, die durcli 
die Konstitution ihrer Spezies ursachlich und gesetzmassig bedingt sind. 
Sie ersclieinen dc^shalb imnier wieder von iieuem. Und sie sind gewiss 
ebeiiso alt wie die Spezies. 

Die oben augefiihrten Tatsachen und Schlussfolgerungen durften 
wohl zeigen, dass zur Losung des Problems der polymorphen Spezies in 
keinem Falle besondere Variabilitatserscheinungen angenommen werden 
braiichen. Die Ursache der grossen Anzahl unterscheidbarer Varianten 
beruht nanilich nicht, wie friiher angenommen wurde, auf einer reichen 
Neubildung vitaler Varianten, sondern im Gegenteil auf einer ausser- 
ordentlich scharf selektiven Elimination von Biotypen der Spezies- 
population. Die Restbiotypen treten dann, weil sie von Millionen bis 
auf Hunderte reduziert worden sind, fiir das x\uge — jedenfalls der 
Spezialisten untcnr den Taxononien — zutage. Was sie aber als Neu- 
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heiten beobachteii, uiid was viele Artbilduiigstheoreliker mil Eatlni- 
siasmus als Zeiclien einer Artbildiing im Fluss auffassen, ist uralt. 

SUMMARY. 

Title of paper: Total invenlovizaiion of niicro-lijpes on a minimant 
area of Taraxacum officinale. 

The taxonomists have distinguished about 450 so-called »micro- 
species» of Taraxacum officinale Web. in Scandinavia. A natural 
question is then whether the variation is exhausted with this, or whether 
these micro-species are collective or bridging forms exist between them. 

For the purpose of solving this question the author collected from 
a limited area, only 50 square metres, seeds from all the Taraxacum 
plants growing there. These consisted of 177. On cultivation in plots 
followed by repeated seed-galheriog and cultivation for five years it 
was found that 20 distinct types occurred on this minimum area, 19 
of which represented previously described »micro-species» and only 
one was new. There was no variation round or between these types, 
the whole variation being exhausted with these distinct types. Of e. g. 
the pijcnolobiim »micro-species», which was represented by 51 initial 
plants, all plots in the progeny were perfectly alike. At the repeated 
tests undertaken not the slightest variation could be discovered between 
the 51 plots or between the plants within a plot. 

The morphological conformity was accompanied by a physiological 
one. Within one »micro-^species» there was no variation as regards, 
rhythm of developiiient, flowering time or nyctitropism, but an ex- 
tremely marked such between different »micro-species». 

It is thei'efore probable that micro-species » are to be regarded as 
biotypes, distinct biotype.s, between which there are no bridging forms. 
The number of biotypes in the Scandinavian population of Taraxacum 
officinale Web. would thus not seem to be more than about 500. Just 
because the biotype number is so small specialized taxonomists are 
able to distinguish them. 

As »iTLicro-species» are biotypes, it is impossible to regard them as 
species. They are the least conceivable variants in a species. Naturally 
they cannot then be species themselves. They are constant, but this is 
on account of their agamospermoiis reproduction. They are clones, 
and if we were to call every such in the vegetable kingdom a species 
we should have to calculate these in at least billions, i. e. in, astronomical 
figures. 
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Highly probably the distinguished morphological types are really 
biolypes. This genetic term, however, is hardly serviceable in taxonomy. 
For it means absolute constitutional identity. As we cannot declare 
with lull certainty on the basis of ocular judgment that absolutely 
identical individuals are always brought together under our name of a 
type, it is necessary to create a new term for the least distinguishable 
nniis. I suggest the term micro-type for such. Judging from my 
results, however, it seems an indubitable fad that the micro-types in 
Taraxacum are bio types. 

T. officinale is a polymorphic species, and such a species has always 
been considered to be extremely variable. But this is not the case. 
Instead, the number of micro-types is strikingly small. Even at only 
20 character differences over 1.000.000 biolypes are formed in a cross- 
fertilizer. About 500 in Taraxacum is an extremely small nnmber. 

That the number of micro-types has fallen so much in Taraxacum 
is an inevitable consequence of its agamospermoiis propagation. All 
micro-types that are not fully vital are eliminated through selection, 
while in a cross-fertilizer they persist in a certain percentage on account 
of panmixia. In an agamospermous species swarms of biolypes will 
be entirely obliterated, and hence the number must successively fall 
until only the fully vital are left. These then appear as distinguishable, 
i. e. as micro-types, as a consequence of the selective breakdown of the 
former continuous chain of variation. 

However paradoxically it may seem, a polymorphic species will 
iherefore be critical on account of its low variability. Polymorphy is 
by no means caused by the fact that a lively formation of species goes 
on, as is usually held, hut by a mass death. 

The rich production of chromosomally different forms out of 
Taraxacum micro- types found by S0RENSEN and Gudjonsson does not 
affect the results and conclusions presented here, as these forms are 
not vital and are not to be found in nature except by pure chance. 
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THE GENETIC EFFECTS OF BREEDING IN 
SMALL POPULATIONS 

A DEMONSTRATION FOR USE IN GENETIC 

TEACHING 

BY GERT BONNIER 

ANIMAL liREEDING INSTITUTE, WTAD, ELDTOMTA, SWEDEN 


W HEN teaching Elementary Science it is always important to 
arrange the demonstrations and the experiments in such a 
way that the essentials are brought out as obviously as possilde. But 
the obstacles may be numerous. For instance in Genetics, when the 
question is to demonstrate the homozygotizing effect of inbreeding in 
allogamous species, the difficulties are very great if it is desired to 
use living material: the necessarily great number of generations are 
impossible to come up to during the limited space of time, absolute 
fertility equality of the different animals is practically never fulfilled, 
and really free intercrossings are very difficult to ensure. And even if 
all these practically unsiirmountable difficulties could be overcome, 
the effect of dominance, (and of epistasis in the case of two or more 
pairs of genes) would still make it impossible to determine exactly 
the number of generations after which all heterozygosity has been 
eliminated. 

As it must nevertheless be looked upon as very important in 
Genetics class work to demonstrate the principal effects of inlireeding, 
other ways must he sought. To give Wright’s mathematical de- 
ductions (19'21 a, 1931.) would, liowever, usually be far above the 
horizon of the auditors. And if the demonstration is confined to 
the exposition of his well-known curves (1921 1), 1931), the most 
important part, viz. the effect of random causes, would be difficult 
to make clear. In my Genetics class, therefore, I have for a number 
of years made use of a kind of roulette-game. Of course, any other 
machinery than a roulette may likewise be used if only all the 
necessary probabilities can be covered. A table of random numbers 
may also be useful. This roulette system has been very successful, 
and as it may be of some value for other teachers in Genetics it 
will be demonstrated here. 
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The (lemGListrations have been confined to the case of 1 pair of 
genes, A and a. Instead of free intercrossing it is thought that every 
generation is propagated by a limited number of inonogamous 
parental pairs. Tlie principal results will be the same in l)oth cases, 
and it is simpler to work with pairs of monogamous pjirenls than 
with free intercrossing. Suppose, thus, that in each generation there 
are ii pairs of parents and that of these, in a certain generation, there 
are 

Ui pairs AA X AA 

712 

Jh 
ih 
Ra 

By working out the kind of progeny from eacli type of parenial com- 
l)inalioii it will immediately ])e found that the proportions of the 
three genotypes AA, Aa, and aa in the next generation are 

4 ;?^ -f" 2^2 " i" R 4 -|- 4 n.^ - f 2 n ^ + R4 + 2/?,. 4/ 7^ _ . 

471 ’ 4n ’ 4/1 ^ ^ 

These three ratios thus also give the probabilities that a parent wilhin 
the next generation will belong to one or other of the three possible 
genotypes. And these probabilities are — at least for the smallest 
values of n — easy to realize with the aid of a roulette. 

In the Genetics class the students usually have to work out the 
cases of 7ii=l, 2, and 5. They are therefore given sheets containing 
working tables. Tables 1 and 2 show these working tables for n ~ 1 


TABLE 1, Working table for n = l (brother — sister matings). 


Parental generation 

P r 0 {, 

Probability in foi 

e n y generation 



n., 





irths of 

Roulette 

AA 

Aa 

aa 

AA 

Aa 

aa 

1 

0 

0 

0 

0 

0 

4 

0 

0 

all 




0 

1 

0 

0 

0 

0 

2 

2 

0 

1-^18 

19-^36 

— 

0 

0 

1 

0 

0 

0 

0 

4 

0 

— 

all 


0 

0 

0 

1 

0 

0 

1 

2 

1 

28-36 

10—27 

1-9 

0 

0 

0 

0 

1 

0 

0 

2 

2 1 

— 

1—18 

19-36 

0 

0 

0 

0 

0 

1 

0 

0 

4 

— 

— 

all 


» AA X Aa 

» AA X aa 

» Aa X Aa 

» Aa X aa 

» aa X aa 
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Tx\BLE 2. Working table for n — 2. 


Parental generation 

Progeny generation 


"2 


^^4 

''r. 


Probability in eighths of 

Roulette 

AA 

Att 

(la 

AA 

Aa 

aa 

2 

0 

0 

0 

0 

0 

8 

0 

0 

all 


. . 

1 

1 

0 

0 

0 

0 

() 

2 

0 

1-27 

28—36 

— 

1 

0 

1 

0 

0 

0 

4 

4 

0 

19-36 

1—18 

— 

1 

0 

0 

1 

0 

0 

5 

2 

1 

1—20 

21-28 

29-32 

1 

0 

0 

0 

1 

0 

4 

2 

2 

19-36 

10—18 

1-9 

1 

0 

0 

0 

0 

1 

4 

0 

4 

1-18 


19—36 

0 

2 

0 

0 

0 

0 

4 

4 

0 

19—36 

1-18 

— 

0 

1 

1 

0 

0 

0 

2 

6 

0 

1-9 

10-36 


0 

1 

0 

1 

0 

0 

3 

4 

1 

21—32 

5-20 

1-4 

0 

1 

0 

0 

1 

0 

2 

4 

2 

1-9 

10-27 

28-36 

0 

1 

0 

0 

0 i 

1 

2 

2 

4 

28-36 

19-27 

1-18 

0 

0 

2 

0 

0 1 

0 

0 

8 

0 

— 

all 

— 

0 

0 

1 

1 

0 

0 

1 

6 

1 

1—4 

5-28 

29-32 

0 

0 

1 

0 

1 

0 

0 

6 

2 

— 

10-36 

1-9 

0 

0 

1 

0 

0 

1 

0 

4 

4 

— 

1-18 

19-36 

0 

0 

0 

2 

0 

0 

2 

4 

2 

28—36 

10-27 

1-9 

0 

0 

0 

1 

1 

0 

1 ! 

4 

3 

1—4 ^ 

5-20 

21-32 

0 

0 

0 

1 

0 

1 

1 1 

2 

5 

! 29—32 

21—28 

1-20 

0 

0 

0 

0 

2 

! 0 

0 

4 

4 

' — 

1-18 

19-36 

0 

0 

0 

0 

1 

1 

0 

2 


— 

28-36 

1-27 

0 

0 

0 

0 

0 

1 2 

0 

0 

8 

— 

— 

all 


and 2, which are constructed so as to make the number of holes in 
the roulette, corresponding to the three genotypes in the offspring 
generation, to be in the proportions (1). As it is possible to combine 

(/? -I- 5) 

the integers Uj, lu, n.,, ih, the sum of which is n, in — - ----- 


different ways, the number of entries for n=l (brother — sister 
matings, Table l) is 6, and for n = 2 (Table 2) the number of entries 
is 21. The students who work with 5 pairs of parents get a working 

table with r “|^7 = 252 entries (not shown here). 

51 51 

When the expermient starts it is thought that the population con- 
sists of only heterozygous individuals, i. e. it is a Fi population. There- 
fore — n and Ui = = Ua = Un = jio = 0. Suppose now we are 
dealing with the case of 2 pairs of parents per generation. From the 
working table (Table 2) the student finds that in the progeny (F^) 

10 


Herediluji XXXIII. 



146 


GERT BONNIER 


after = 2 the numbers of AA, Aa, and era individuals are (in the 
8 th) 2 , 4, 2 . He then makes two pairs of throws (i. e. in all 4 throws), 
the first corresponding to the first parental pair and the second to the 
second parental pair. Suppose that he gets the holes 9, 28, 17, 12 (in 
the given order). The table shows that for ni = n 2 = Ai = 0 , 
— 2 , Hr, — Ur, = 0 , number 9 denotes aa and number 28 AA. The 
first parental pair taken from the F 2 is thus an A A X cia cross. Like- 
wise 17 denotes Aa and 12 also Aa, and consequently the second 
parental pair in the is an Aa X Aa cross. The parents from the 
Fo correspond thus to = Uo = 0 , 113 = = 1 , Un — jio = 0 , and the 

table shows that in the progeny (Fa) the numbers of AA, Aa, and aa 
individuals are (in the 8 th) 1 , 6 , 1 . The student makes 2 new pairs 
of throws and, using the entry Ui = no = 0 , — lu = 1 , n^ = = 0 , 

he finds what kind of parental cross he gets in the Fg and what pro- 
portions of AA, Aa, and aa individuals in the F 4 . He proceeds in this 
way until complete fixation, which occurs when he gets either Ui = 2 , 
Ha = Ug = n.! = Ur, — 11 ^ = 0 (fixation with A A individuals) or ih = 
= n 2 = ns = n 4 = nr, = 0 , nG — 2 (fixation with aa individuals). 

In the case of brother — sister matings only one pair of throws 
(i. e. in all 2 throws) is made per generation, and in the case of 5 
parents per generation, 5 pairs of throws (i. e. in all 10 throws) are 
made per generation. It is to be remarked that if a certain number 
is not included among the holes of the roulette, as for instance zero, 
and if this number conies out after a tlii-ow, this throw is passed as 
if it had not been made. 

The students have to make careful records of the results of each 
generation. They have also to make a number of parallel series of 
similar kind, just in oi'der to study the great randomly determined 
variability in different series. Usually they have to make 100 series. 
For each generation they also make out the totals of AA, Aa, and aa 
individuals (in the 4/?th) and divide this total by the iuim})er of 
series X 4n, whereby they get the average proportions of the three 
kinds of genotypes. In the Genetics class of 1946 the students made 
100 parallels of each of the cases jn = l, n — 2 and n = 5 , and the 
final records of these experiments are given in Tables 3 , 4 and 5 . 
These tables show the average heterozygosity and also — and this 
is perhaps the most imporiant — • the total number of series which 
up to each generation have been fixed as AA or as aa. The result thus 
clearly shows: (l) average heterozygosity decreases, at first at a 
rapid rate, later more slowly, and vanishes completely after a ralher 
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TABLE 3. Record for 100 series with n — 1. 


Generation 

F. 

F, 

F, 

F, 

Fe 

F, 

Fs 

F, 


^.1 

F^, 


Proportion of An 













Observed 

0,5000 

0,5100 

0,3600 

0,2900 

0,2200 

0,1650 

0,1550 

0,0950 

O,0800 

0,ocoo 

0,oooo 

0,0450 

Expected 

Total number of 
series which ha- 
ve been fixed 

0,5000 

0,3750 

0,3125 

0,2500 

0,2035 

0,1641 

0,1328 

0,1074 

0,0869 

0,0 7 05 

0,0569 

0,O4G0 

as AA 


5 

14 

23 

31 

38 

44 

45 

47 

49 

49 

50 

as aa 

— 

7 

15 

21 

24 

30 

31 

34 

36 

39 

41 

41 

Generation 

Fu 

F,, 

F^, 

^ 1 , 

Fu 

•^19 

1^20 

F,, 

XT* 

^ 22 

•^23 

F,^ 

1^25 

Proportion of Aa 













Observed 

0,()800 

0,0150 

0,0100 

0,oioo 

0,0100 

0,0050 

O,005fl 

0,0050 

0,0050 

0,0 100 

0,0050 

O,0050 

Expected 

Total number of 
series which ha- 
ve been fixed 

0,0372 

0,0301 

0,0244 

0,0197 

0,0159 

0,0329 

0,0104 

0,0084 

0,0008 

0,0055 

0,0045 

0,0O3G 

as AA 

52 

53 

53 

53 

53 

54 

54 

54 

54 

54 

54 

54 

as aa 

42 

44 

45 

45 

45 

45 

45 

45 

45 

45 

45 

45 

Generation 


F,, 











Proportion of Aa 













Observed 

O,0050 

0,oooo 











Expected 

Total number of 
series which ha- 
ve been fixed 

0,0029 

0,0024 











as AA 

54 

55 











as art 

45 

45 












great but limited (as long as the number of parallel series is limited) 
number of generations. (2) This rate of deci'ease in heterozygosity 
is very different in different series and the variation is due to random 
causes. In the case of 2 parents per generation, for instance (Table 4), 
one series was completely homozygous already in the Fg, whereas one 
series did not get rid of its heterozygosity until the It is also due 

to random causes if the fixation should be in respect to A or to a. 
(3) On an average it takes more generations in the case of n = 5 to 
get completely rid of heterozygosity than in the case of n = 2 or 
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71 — 1 , and also more generations in the case of n = 2 than in the 
case of n=l. It is especially on point (2) that the teacher should 
lay particular stress, as it is this point which is practically impossible 
to demonstrate with living material or by average curves of heterozy- 
gosity. It is also these randomly caused variations which give rise 
to such an important plieiiomenoii in Nature’s liouseiiold as the 
genetical drift. 

Concerning point (1), it usually seems quite enough to emphasize 
the general trend in heterozygosity, whereas any comparisons between 
observed and expected frequencies seem, fi*oni a teacher’s point of 
view, to be of less importance. Such expected frequencies are, 
however, given in Tables 3 and 4. In the case of n = 1 (brother — 
sister matings) they may be found, for instance, in Wright’s work 
(1921b, p. 127) or in Jennings (1914). As will be seen there, the 


. h 

proportion of heterozygosity in the is j-, where = Fibonacci’s 

2 

number defined by the iTlations Xy^ = 2 and To = .X| = 1. 
A genei'al foiinula from which it wmiild be theoretically possible to 
compute these frequencies for any value of ii is easy to find, but it is 
of very limited use, as the computational difficulties increase enorm- 
ously already when ii>2. But for the sake of completeness the deduction 
of the formula will be shown here. 

Suppose the frequencies of the zygotes AA, Aa and aa to be x, ij 
and z (xH-?/ + r=l). Then the 6 possible modes of pairings are 
obviously expected in the frequencies (x + ?/ + - 2 )" = 2xij, 2xr, if, 
2ijz, z\ Consequently, n pairs must be distributed as the expansion 
of (x' “h 2xt) + 2xz + + 2i]Z + i, e. the frequency of the com- 

bination Hi, jiii, Hjj, Hi, n.,, Ur, of the 6 possible pairings must be 


7,71 n:i ;7:! 


;i! 2'‘2 + 'S + ”5 

“niljiJ/jglnJnBl/ij! 


X 


,2/1, + n + /i„ .ju + + 2/1. 


If denotes this frequency in the generation ii, the following 

fonnula of recurrence must hold good 


xS 


Ol) _ III 2"2 + ''3 + “., 

(ii-i) 

P«l • • so + », + + 2/.^ + + 2«, 
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Plere x, ij, z have the values 


a:: 


4,Sj -|^ 2 .s‘ 2 “f- s,^ 

: 


2 . , + 4 .,+ - 2 ., + 2 ., 

4/7 

^ 4/7 

(n + 5)! 

and the summation is to be made tor all the— combinations of 

77 1 o ! 

s's for which + S2 + + S4 + .9^ + = 77, The chief difficulty in 

the computations comes from the largeness of 

From the frequencies (2) the expected heterozygosity may be 
directly computed, and this has been done in Table 4 up to the F 13 . 

It is easy to construct working tables of similar kinds in order to 
demonstrate other effects of breeding in small populations. Thus, the 
Genetics class usually also makes roulette trials to demonstrate the 
comliined effect of inbreeding and complete selection against a 
recessive. 
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THE INHERITANCE OF THE PLATINUM 
AND WHITE FACE CHARACTERS 
IN THE FOX 

BV IV An JOHANSSON 

INSTITUTE OF ANIMAL BREEDING, ROYAL AGRICULTURAL COLLEGE OF SWEDEN, UPPSALA 


INTRODUCTION. 

T he black fox, which is farm bred in the Scandinavian countries, 
is descended from animals imported from North America, where 
it has arisen from the wild red fox through mutation. The mutant 
gene in the homozygous condition changes the colour of the whole ani- 
mal, in the same way as a mutation of the agouti gene in the wild 
type rabbit changes the colour of the whitish underline and the banded 
guard hairs to solid black. Two phenotypically similar but genetically 
different mutant types of black foxes are known, viz. the Alaskan and 
the standard fox. When Alaskan blacks are crossed with reds the F-, 
animals are intermediate in colour, showing the typical » cross fox» 
character, but the standard black X i*ed foxes produces a smoky red 
fox, where the colour of the red fox is strongly, but not completely, 
dominant. Grosses between Alaskan and standard foxes produce 
»blended cross foxes » with characters from both of the first mentioned 
hybrids. The genetics of the.se crosses is explained by Warwick and 
Hanson (Ashbrook, 1937) as follows: AABB red fox, aaBB Alaskan 
black fox, AAbb standard fox, ciABB cross fox, AABb smoky red hy- 
brids, AaBb blended cross foxes, etc. Breeding data seem to fit in 
very well with this hypothesis. 

The modern silver fox is a product of selection from the original, 
almost wholly black, mutants. The silvering is caused by an inter- 
mingling of light banded guard hairs among the black hairs. The 
wild red fox has such silver hairs in varying numbers, particularly on 
the rump and loin, and some silver hairs are found even on the most 
genuine black foxes. The silvering is a quantitative character which 
is present in both red and black foxes, but the black fox and its mu- 
tants, e.g. white face and platinum, which will be discussed later, are 
qualitatively different from one another and from the red fox. 

The common red fox, which ranges over the northern parts of 
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America, Europe and Asia, ought to be considered as belonging to one 
and the same species, Vulpcs imlpes L., as pointed out by Cole and 
Shackelford (1943). Local varieties or breeds can easily be distingu- 
ished, but, owing to the fact that all these varieties freely interbreed as 
soon as opportunity otfers, there seems to be no logical reason to speak 
of different species. Mutant lilack foxes have also appeared from time 
to time among tlie wild living Scandinavian red foxes, and some of 
these mutants have l)oen kept in captivity long before any importations 
of North American silver foxes were made. Such mutants have not 
been utilized, however, to l^uild up any strains of our present day farm 
foxes. Sometimes the breeders may use Scandinavian red foxes for 
crossing with the farm-raised silver foxes, and in this way some of the 
local y>viilpcs blood » may find its way into the breeding stock. The 
Scandinavian silver fox breeding is, however, almost exclusively 
founded on imported animals, viz. the Canadian standard silver fox,, 
proliably due to the fact that skilled fox fanning with selection for 
liigh quality pelts and extensive silvering started much earlier in North 
America than in the Scandinavian countries. 

In Canada and Northern U. S. wild living lilack foxes and their 
cross products witli the red fox seem to he of rather frequent occur- 
rence, but ill Sweden they are exceptional. Buti.er (1945) has studied 
the data on more than 700.000 Canadian fox pelts of the Hudson’s Bay 
Company fur returns 1915-— 1944. He found the highest percentage of 
silver fox pelts in British Columbia (8,o % silver and 41,3 % hybrids) 
and the lowest in Saskatclu'wan (3,0 % silver and 24,0 % hybrids). 
The frequency of silver foxes has decreased during the last 30 years 
i'rom about 9 lo 3 per cent. Three possible exiilanations of this decrease 
are [lut forward, viz. migration, differential survival or reproductive 
rates, and changed classification standards. Warwick and Hanson’s- 
factorial liyjxithesis fitted well to the oliserved frequencies of the dif- 
ferent colour phases. 

NEW MUTANT COLOUR PHASES OF THE SILVER FOX. 

A REVIEW OF THE LITERATURE. 

Several new colour phases have appeared among fann bred silver 
foxes, and three such mutants are well described in the literature, viz. 
the wliite face, platinum and pearl platinum fox. The last-mentioned will 
l)e referred to here simply as the pearl fox, because it has nothing to do* 
with the platinum character, and the term pearl platinum is apt to cause: 



154 


IVAR JOHANSSON 


confusion (Bowness, 1944). The platinum fox is in the U. S. usually 
called »platinum silver^ or »Norwegian platiiium», in Canada »standard 
platinum », and in the Scandinavian countries »Mons-platinum» — after 
the original mutant — or simply platinum. The latter term wouhl 
seem to be adequate. Different names are also used for the white face 
fox, e.g. »white-marked silver», »ring-neck» or »platinuni type silver^, 
while in Norway it is spoken of as »Hovbrender platinum ». Any name 
of the white face fox, which involves the term » platinum » should, how- 
ever, be avoided. 

The platinum fox is well described by Mohr and Tuff (1939) and 
by Cole and Shackelford (1943). The latter authors have also fully 
described the white face fox. A brief characterisation here of these mu- 
tants will, therefore, be sufficient. 

The white face fox is very similar to the common silver fox, excepl 
that it has more or less extensive white markings on the nose, forehead, 
neck, feet, breast and belly; the tip of the tail is white to the same ex- 
tent as in the silver fox. The pigmentation of the underfur, the guard 
hairs and the ears, trunk and tail has about the same intensity as in 
the silver fox. There is no sharp borderline between the silver and the 
white face fox; the former may have white markings on the feet, breast 
and belly, and the latter may lack the white blaze along the nose, and 
the white collar (Fig. 1). There is the possibility^ therefore, that the 
classification of the two types may sometimes be wi^ong. The variation 
in markings and shade of colour is great, and there may be some over- 
lapping at the other end of the scale, towards the platinum fox. The 
light white face fox often shows a kind of roaming, owing to the presence 
of numerous wholly white guard hairs among the Ijanded silver hairs. 
These white hairs give to the fur a »dead» appearance, and the lustre 
of the fur will not be the same as in the true silver fox. Cole and 
Shackelford describe the white face foxes as » silvers on which the 
characteristic white-face markings have been superimposed)). 

The white face mutation seems to have occurred independently a 
number of times in U. S. A., Canada and Scandinavia. Cole and 
Shackelford speak of the Golpitts, McNeil, Garvey, Holman and Spring- 
born strains of white face, some of which have probably descended from 
separate mutations. The Golpitts strain seems to be the oldest one; 
it is said to have originated in 1928. The »I-Iovbrender platinum» 
(Mohr and Tuff, 1939) is nothing else but a white face fox which has 
originated in Norway. Cole and Shackelford give some figures from 
crosses between two American white face strains, designated A and B, 
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which tend to show that these strains are genetically different, this 
being due to mutations in different loci, and pei'haps different chromo- 



Fig. 1. Variations in the white markings of the white face fox. — To the left 
(1) a pelt which may be classified as silver, but it is really a white face with a 
small blaze and white markings on the feet and underline. — In the middle (2) a 
very heavily pigmented white face pelt with narrow blaze and broken collar. — To 
the right (3) a typical white face pelt with a narrow blaze, fairly broad and symme- 
trical collar, and the same intensity of pigmentation along the back and tail as in 

the silver fox. 

somes. When the two strains are crossed with one another, the off- 
spring shows more extensive white markings than either of the parent 
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strains, the white extending up on the middle of the ear while this is 
never the case in the common white face. 




The white tace foxes on Swedish fox farms derive from Canada 
perhaps mostly from the McNeil strain, and from Norway. The writer 
does not know of any original mutations in Sweden, and all our white 
face foxes would seem to be identical as far as the genotype for this 
paiticiilai character is concerned. 
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Tlie pldtiimiii fox has a dilute pigmentation. Its underfur is 
distinctly lighter than that of the silver and white face foxes, the colour 
ranging from white to greyisli; many guard hairs are entirely unpig- 
meiited, and others are pigmented only below the tapered end. The 
white l)Iaze, the white collar around the neck, and the white markings 
on th(' feet, breast and belly are usually much more extensive than in 
white face foxes, and the ears are much lighter coloured; the blaze 
is as a rule narrow in a white face fox but liroad in a platinum (Fig. 2). 
There cannot be any mistakes in the classification of platinum and sil- 
ver foxes, l)ut the variation, of platinum and white face may, to some 
extent, overlaj). By the lighter ears and underfur and the broader 
blaze it .should be possible, however, to distinguish the true platinum 
fox. (k)LE and vShackelford (1943) point out that it is possible that 
some of this variability is non-genetic, but they state that »it is more 
probable that much of it is determined by factors in the silver foxes 
to which the platinums are brcd». The usual variation in the pig- 
mentation of Swedish platinum foxes is shown in Fig. 3. 

The first known platinum mutant appeared in Troms in Northern 
Norway, where the famous platinum male »Mons» was born in 1933 
(Mohr and Tuff, 1939). According to Cole and Shackelford (1943), 
at teast three independent platinum mutations have occurred in the U. S. 
and Canada, originating the Corbin, the Cody and the La Forrest 
strains. All these four platinum strains are phenotypically very similar, 
and there is no evidence so far to show that they are genetically dif- 
ferent. ^ The platinum foxes which are found in Swedish fox farms 
originated, us far as the writer is aware, from Norway. We have no 
records to show that independent platinum mutations have arisen in 
Sweden, whereas in Norway several platinum mutations seem to have 
occurred. 

Original data on the inheritance of the white face and platinum 
characters have lieen published by Mohr and Tuff (1939), Cole and 
Shackeli^ord (1943) and Gunn (1945). Mohr and Tuff concluded 
that the platinum character is inherited as an autosomal dominant. 
They suggested that the mutant gene is lethal in a homozygous con- 
dition, but the data in support of this suggestion were admittedly very 
meagre. Cole and Shackelford reached the conclusion, however, 
that the suggestion as to the lethality of the platinum gene was correct, 
and that the mutant white-face gene behaves in exactly the same man- 
ner as that of the platinum. They suggested that the genes for silver, 
white face and platinum are allelic to one another, any of the possible 
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three combinations of these mutant genes being lethal. Completely 
white whelps with blue eyes were occasionally found in the newly 
born litters after matings of mutant X mutant, and the authors assume 
that these whelps represent the homozygous dominant type, which is 



Fig. 3. Variations in the intensity of pigmentation of Swedish platinum foxes. Darker 
platinum pelts than the darkest one above (1) may be found. 


not viable. One such white whelp lived, however, to about five weeks 
of age. Three white whelps after matings of platinum X platinum, 
listed in Table 1, were all borne by the same vixen and sired by the 
same male. The litter size in Cole and Shackelford’s matings of white 
face X platinum is very high and does not lend support to the hypo- 
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thesis that the genes for these two characters are allelic with lethal 
effect when combined in the same zygote. Only one critical »test 
mating'^) is referred to: a platinum male, offspring from a white face X 
platinum cross, was mated to 3 silver females and produced 9 platinum, 
pups, 10 silvers and no white face, i.e. the proportions expected if the 
male did not carry the white face gene. Furthermore, the mutational 
changes are depicted diagrammatically as a piT)gressive deficiency; one 


TABLE 1. Data from crosses between mutant foxes. 


Mating s 

Number 
of Utters 

Litter 

size 

T 

Silver 

ype of 

Plati- 

num 

offsprii 

White 

White 

face 

Platinum X pMiniim: 








9. 

3,r, 

2 

5 





Mohr and Tuff (1939) [ 

? 

? 

10 

22 



• 

Cole and Shackelford (1943) ... 

11 

2,1 

8 

12 

3 


Total 



20 

39 

3 


White face X mhite face: 







Mohr and Tuff (1939) 

31 

4,0 

4 


, — 

8 

f 

2 

4,5 

1 



5 ! 

3 

Cole and Shackelford (1943) ...| 

79 

3,0 

79 

— 


183 

Gunn (1945) 

(141) « 

3,r) ! 

115 

— 

— ' 

238 

Total 


! 

! 299 

__ 

5 1 

432 

While face X platinum : 







Cole and Shackelford (1943) ... 

6 

6,1 

15 1 

18 

■ 

6 

Gunn (1945) 

(14)=' 

3.1 

i 12 

16 


16 

Total 


i 

27 

1 32 

— 

22 


^ »Hov])reiKTi‘r platiinim:>. “ Selected litters where white pups were produced. 
Number of matings. 


break at the end of the chromosome causes the white face character, 
and a second break the platinum. A viable fox must have at least 
one of the homologous chromosomes intact. Gunn presents further 
evidence as to the non-viability of the homozygous mutants, but he does 
not assume that the genes for white face and platinum are allelic. 

The data from crosses between the mutant types, on which the 
previous workers have based their conclusions, are summarized in 
Table 1. 

The combined data from the three sources are still rather meagre, 
and the results from the white face X white face and the white face X 
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platinum matings do not agree too well with the 1 : 2 and the 1:1:1 
ratios, which are expected on the basis of the proposed hypothesis. 

The third mutant is the pearl fox, which is recessive to silver, or 
black. The first animals of this type were rapported from a farm in 
Minnesota, U. S. A., in 1934 (howNESS, 1944). The pearl fox has an- 
even blue-greyish colour throughout and no white markings, except the 
white on the tip of the tail and the white bands on the silver hairs. 
Two genetically different strains are known, the Ontario and the New 
Brunswick strains (Deakin, 1942; Gunn, 1945), which when crossed 
with one another produce only silver foxes, heterozygous for both the 
pearl genes. Breeding within the same strain yields only pearl foxes. 
When pearl foxes are mated to white face foxes, 50 % white face and 
50 % silver pups are obtained. These white face foxes carry the re- 
cessive gene for the pearl charactei*, and when they are mated to homo- 
zygous pearl foxes 25 % silver, 25 % white face, 25 % pearl and 25 
pearlatina pups are obtained. The pearlatina is a pearl fox with white 
face markings. Glacier bines are produced in the same way by using 
platinum for the cross instead of white face (Cole, 1945). Glacier 
])lues are dilute pearl foxes with platinum markings. As far as the 
writer knows, the pearl fox does not exist in the Scandinavian countries. 


OWN INVESTIGATIONS* 

The present writer has made an effort to analyse the inheritance of 
the white face and platinum mutants. Two different lines of approacli 
have been followed; statistical data, compiled from Swedish fox farms, 
were analysed, and in the breeding season of 1946 an experimental in- 
cj[uiry was made regarding the intra-utexine development of the pui>s 
of platinum parents. The statistical woi’k may be considered as com- 
pleted, but the experimental bi’eeding will Ixe continued next season, 
and probably will have to he continued for several years before the 
pi'oblem of what happens to the homozygous mutants is solved. 

AN ANALYSIS OF BREEDING DATA FROM S'WEDISH FOX FARMS* 

At the end of each breeding season the members of the Swedish 
Fur Bi’eeders’ Association report all matings on their respective fox 
farms to the office of the association. About the first of August all 
whelps in the litters are ear marked by tattooing, and a report on 
the number of young bom in each litter, and also the ear number, the 
colour phase, and the parents of each whelp which is alive at the date 
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of breeding failures at one year of age. In comparing the different classes with one another the percentages may be Slip 
however, to give a reliable indication of existing inter-class differences. 

“ All pups in the litters died early after birth. 
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of tattooing is sent to tlie office. The second report can lie checked 
against the first one as to tlie parentage of the litters. The pups in the 
litters are usually counted within a few days after l)irth, hut on some 
farms the count may he made as late as a week after parturition. Notes 
are not always made at the same' lime, however, on the type of pups 
in the litters. Therefore the data are incomi)lete as to the type of tht; 
pups which have died Ijefore they ai(> tattooed. On the following i>ages 
the deaths betw'een birth and tattof)ing are referred to as »mortality 
during the first three months after hirth». This time interval of three 
months is, however, only an approximate average from which the ag<^ 
of an individual litter may deviate rather considerably. 

The breeding data from the sources .stated were transferred to mi- 
meographed cards. One card was written out for each vixen, so that 
a card would give the whole reproductive history of the vixen. Most 
of the cards, and in every case those with data on mating.s of mutant X 
mutant, were afterwairds checked on the fox farms in order to avoid, 
as far as possible, omissions and errors. The. result of the analysis of 
this material is presented in Tables 2, d and 4. 

The most pertinent figures of Table 2 in relation to our i)resent 
problem are those in col. 10 giving the average litter size from the dif- 
ferent mating combinations. The summarized results arc as follows: 


Matings 

Total litters 

Average Utter 
size 

Standard deviation 

of the litter size 

Silver X silver 

5.845 

4,48 ib 0,0182 

1,304 

Silver X RHitant 

3.408 

4,47 ib 0,0242 

1 ,4 1 1 

Mutant X mutant... 

433 

3,50 lb 0,0 030 

1,323 


The matings of silver X silver and silver X mutant have produced 
littei-s of practically identical average size, but after matings of mu- 
tant X mutant the litters are reduced by 20, i per cent of what may l)e 
considered their normal size. The difference in litter size between 
mutant X mutant and the other two types of mating.s is highly signi- 
ficant. In Table 2 it is seen that the litter size from matings of 
silver o’ X mutant 9 is a little lower than from the reciprocal mating, 
mutant cf X silver 9» it seems likely that the difference can be 
explained by the higher mortality in litters from vixens of the mutant 
types. In matings of mutant X mutant the average litter size from 
white face vixens is 3,63 + 0,o7i3 but from platinum vixens only 
3,20 + 0,i3S3. The former average is higher, but the latter is a little 
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lower than would be expected it 25 per cent of the pups in litters from 
mutant X mutant matings die in the uterus, or immediately after birth, 
and thus escape counting. The expectation under such circumstances 
would be 4, IS X 0,75 = The ditference between the two averages 
is 0,:r; ± 0,1525) or 2 , 12 times its standiird error, and the probability of ob- 
taining this result due to chance in sampling is less than (),i) 2 . 

In order to reveal, if possible, the causes of the differences in litter 
size of the various mating combinations, an account was made of all 
mated vixens and all the litters; the figures obtained are presented in 
Table 2. In cases where all the pups in a litter had died early after 
birth they were not always counted, or notes of the count were not 
made. This fault, as well as the differences between groups in the 
frequency of »em[)ty vixens » and abortions, may affect the average 
litter size of the different groups. The figures' presented (colimiiis 3, 
5, 7 and 12 of Table 2) do not, however, show a higher fetal or post- 
natal mortality after mutant X mutant matings when the mother of the 
litter is a platinum than when she is a white face fox. It might lie 
assumed that the homozygous white face pups are viable in some cases, 
whereas the homozygous platinums are always non-viable, but this 
does not explain the fact that the greatest difference in litter size is 
found between the two reciprocal matings white face X platinuni, 
where the pups would be supposed to be, on an average, genetically 
identical. Therefore, it seems most logical to assume that the actual 
figures for the average litter size in the four different matings of 
mutant X mutant are all approximations of one and the same theoreticai 
value, i.e. 75 % of the normal litter size in matings of silver X silver or 
silver X mutant, the deviations being due to chance in sampling, or to 
differential mortality in the litters. 

In Table 3 data are presented showing the type-segregation of the 
offspring from different matings of mutant X silver and mutant X mu- 
tant. The obtained ratios are compared to those expected according to 
Cole and Shackelford’s hypothesis that the hereditary factors for 
the silver, white face and platinum characters form a series of multiple 
alleles, here denoted W^\ W and and that all the three possible 
combinations of two of the mutant genes in one individual, i.e. WW, 
WW^ and W^W^, are lethal. The significance of the deviation of ob- 
tained from expected frequencies is tested by Pearson’s test, and the 
P value corresponding to each computed is given in the table 
(Fisher, 1932). There is a good agreement between the obtained and 
the expected frequencies except in the silver X platinum matings, 
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where a highly significant discrepancy is noted. We think, however, 
that this discrepancy can be explained on the basis of the following two 
facts: (1) the frequency of dead pups of unknown type is very much 
higher in this class of matings than in any of the other four classes, 
and (2) the mortality of the platinum pups is almost twice as high as 
that of the silvers. The rather pronounced difference lietween the 
classes in percentage pups of unknown type is probably due to the data 
not having been random samples. The mating silver 9 X platinum cT 
is used most extensively, by skilled and unskilled fox farmers, but the 
mating of mutant X mutant has been practised almost exclusively by 
skilled breeders, who keep more accurate and complete records than 
their less skilled colleagues. The mating silver 9 X white face cT is 
also widely practised, but here the difference in death-rate between the 
two classes of pups is comparatively small. 

If we assume the proportion of silvers to platinums among the 
556 pups of unknown type which perished early from the silver X pla- 
tinum matings to be the same as that of the pups of known type from 
the same mating, i.e. 258 silvers : 504 platinums, or 66, ii % platinums, 
then we would classify 188 pups of the unknown type as silvei^s and 
358 as platinums. The obtained ratio would then be (4157 + 188) : 
(3842 + 368), or 1 silver : 0,97 platinum, and the P value would rise 
to 0,15. Under this supposition the obtained ratios in all mating com- 
binations are in good agreement with the expected ratios. 

It seems likely that the agreement between the obtained and the 
expected frequencies would have been still better if the pups had been 
counted and classified in all litters immediately after birth. Table 2 
presents the frequency of litters where no count, or classification, of the 
pups was made. Because of the excessive mortality of platinum pups 
it may be expected that their proportion in these lost litters was rela- 
tively high. Furthermore, as the count and classification are often 
postponed to several days after the birth of the litter, it may be expected 
that a numl)er of pups die and are eaten by the mothers before any 
notes of their existence are made. In order to obtain the exact fre- 
quencies of the pups in all classes, the vixens must be carefully watched 
at the time of parturition, and immediate counts and classifications 
must be made. 

The writer has tried to test the previously mentioned hypothesis 
also by a search for such foxes from mutant X mutant matings as have 
been used for breeding and have produced offspring. The breeding his- 
tory of such foxes was investigated, and the following results obtained. 
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(1) Eleven platinum foxes from platinum parents were found. Six 
of these foxes were mated to silvers and produced in 20 litters, 41 silver 
and 32 platinum pups. All six foxes produced silver pups and were 
accordingly heterozygous for the platinum character. The other 5 
platinum foxes were mated to platinum and white face. Three of these 
foxes threw silver pups and a fourth a white face, and consequently 
they were also heterozygous, but one after mating to platinum produced 
only 4 platinum pups, and this fox might have been homozygous. On 
a chance basis we would expect, however, to obtain such a result in one 
trial out of five when heterozygous platinums are mated to one another. 

(2) Eight white face foxes from white face parents were mated 
to silvers and produced in 8 litters, 18 silver and 17 white face pups. 
One of the eight litters contained only silver and one only white face 
pups. Three white face foxes from white face parents were mated to 
white face and produced in each one of 3 litters both silver and white 
face pups. Of these 11 white face foxes from white face parents 10 
were certainly, and one probably, heterozygous for the white face 
character. 

(3) Three platinum and two white face foxes from platinum X 
white face matings were found. Their breeding results are presented 
in Table 4. 


TABLE 4, Breeding tents of offspring from matings of platinum X 

white face. 



Mated to 

Total 

litters 

Number and type of pups | 

Tested animals 

rotal 

Silver 

White 

face 

Plati- 

num 

Platinum D202 cJ... 

9 silver 99 

9 

39 

26 

_ 

13 

» BI 439 .,. 

3 silver (5(5 

3 

17 

8 


9 

)) H 62(5... 

2 silver 99 

2 

8 

6 


2 

White face D 15 9 ... 

1 silver (5 

1 

3 

2 

1 


» DI 59 ... 

1 white face cj 

1 

3 

1 

2 

___ 

» B27 9... 

2 white face c5(5 

2 

9 

3 

6 

— 


Homozygous platinum foxes have never been found by previous 
workers, and they are not found in our material. As to the white face, 
Kellogg (1946) states: »In other herds it has been reported that a cer- 
tain strain of white marked animals when mated repeatedly to silver 
foxes produce litters with 100 per cent white marked progeny. This 
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would seem to be sufficient evidence that the homozygous white marked 
fox can be produced ». In the U. S., where Cole and Shackelford’s 
(1943) data indicate that two genetically different strains of white foxes 
may occur, it would be possible that the homozygous mutants are non- 
viable in only one of these two strains. In Sweden we have no records 
of homozygous Avhite face foxes, and our own data point rather de- 
cisively towards a general lethality of this gene combination. All 
available facts fit in with the hypothesis on the allelic nature of the 
white face and platinum genes. A crucial test of this hypothesis is to 
breed platinum offspidng from platinum X white face matings with 
silver foxes. If the genes for the platinum and white face characters 
are allelic, and their combination in the same zygote is lethal, any pla- 
tinum fox of the stated parentage should, mated to silvers, produce only 
silver and platinum, but never white face offspring. Furthermore, any 
white face fox with the parentage white face X platinum should, when 
mated to silver or white face, produce only these two types of offspring 
and never platinum. In Table 4 three platinum and two Avhite face 
foxes obtained from platinum X white face matings are thus tested. 
The number of tested animals is, of course, too small to allow definite 
conclusions, but as far as the breeding results go, they point towards 
the allelic gene hypothesis \ 

Our data show quite conclusively that the heterozygous white face 
and platinum foxes are less viable than the silver fox, and that the 
reduction in viability is progressive in exactly the same way as the 
mutational change in the pigmentation of the animals: 

The pup mortality during the first three months after birth is for silver 
6,91 white face 9,21 % and platinum 13,13 % (Table 3), and the 
frequency of failures in reproduction is much higher for the mutant 
vixens than for silvers (Table 2). On an average the reproductive effi- 
ciency is lower for the platinum than for the white face vixens. The 
fox lireeders know this by experience, and therefore mutant vixens are 
used for breeding much less frequently than mutant males. Some 


^ Since the galley proof of this paper was read the writer came across a state- 
ment hy C. K. Gunn [Ftir Trade Journal of Canada, 1946, 23 (6): 12] that he had 
on record 17 cases of matings platinum X silver foxes where typical white marked 
pups had appeared in the litters. On the assumption by Cole and Shackelford 
(1943), referred to on p. 155, that two non-allelic white face mutants exist in North 
America, the observations reported by Gunn are not surprising, and they do not 
interfere with the conclusion that one of these mutants is allelic to the gene for the 
platinum character. 
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breeders have mated white face X white face and platinum X platinum 
in the hope of obtaining homozygous animals of the mutant types. 
This effort is wasted, however, and owing to the frequent breeding 
failures after such matings, as well as small litters and high pup 
mortality, the economic aspects are not promising. 

EXPERIMENTAL MATINGS PLATINUM X PLATINUM, 

Through the kind co-operation of the fox breeders it was possible, 
for the writer to obtain five one-year old platinum vixens for breeding 
experiments in the season of 1946, The vixens were placed on the ex- 
perimental farm of the Swedish Fur Breeders’ Association, where hous- 
ing, feed and care were provided free of charge. The plan was to mate 
all the five vixens to platinum males, and to try to find out what 
happened to the homozygous platinum pups. On the basis of Cole 
and Shackelford’s (1943) observations, referred to on page 158, we 
assumed that the genetic lethality became effective rather late during 
the fetal development, and it was decided to kill the vixens, at least 
those that were mated early in the season, after 45 days of pregnancy. 
At this stage it should be possible to ascertain the number and type 
of living fetuses in the uterus, and also the number of dead and perhaps 
partly resorbed ones. 

Unfortunately only three of the vixens mated and became pregnant. 
One of the empty vixens (H 199) came on heat so late in the season 
that no active males were available, and as to the other one (II 230), 
intromission was not possible in spite of vigorous attempts by several 
males. The vixen li 199 was sent back to the breeder, and H 230 was 
killed 10 days after the termination of oestrus. 

Immediately^ after being killed the vixens were opened and their 
reproductive organs examined. An intersection was made in the uterine 
wall for each locus of fetal atlachment, and the type and state of 
development of the fetuses were determined. Then the uterus and its 
content, with the placental relations lyetween fetuses and uterus intact, 
were fixed in 10 % formalin for later investigations in the la]:)oratory. 

When the uteri were opened, it was found that all fetuses were 
living and in the same state of development. A very careful search was 
made later, on the formalin-fixed material, for partly resorbed fetuses, 
and for sites of implantation of resorbed fetuses, but nothing of this 
kind was found. The type of each fetus could easily be determined 
beyond doubt. Fig. 4 shows the three litters, photographed after the 
formalin fixation. The ovaides of the four vixens were sectioned, and 
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TABLE 5. Result of breeding platinum vixens to platinum males. 


Experimen- 
tal vixen 

Date of 
mating 

Date of 
killing 

Preg- 

nant 

days 

Number of livijjg 
fetuses ill uterus 

Number of 
corpora lu- 
tea in the 

ovaries 

Total 

Silver 

Plati- 

num 

Tipp-Topp 

Febr. 28 th 

April 13 th 

44 

4 

1 

3 

5 

H 269 

! March 2nd 

April 16th 

45 

5 

1 

4 

5 

H 101 

March 16 th 

April 30th 

45 

5 

1 

4 

5 



Total 

— j 

14 

3 

11 

15 


On heat 







H 230 

March 1st 

March 11th 

— 

— 

— 

— 

5 


and 2nd 








the corpora lutea counted in order to ascertain the number of ova shed 
during oestrus. The pertinent details are given in Table 5. 

The uteri of the three vixens contained 14 fetuses — 11 platiniuns 
and 3 silvers — and the total number of corpora lutea in their ovaries 
was 15. There were no white or only slightly pigmented fetuses, and no 
evidence whatever of any intramterine mortality. Because of (l) the 
normal size of all three litters and (2) the close correspondence between 
the number of corpora lutea and the number of fetuses, it is not prob- 
able that there had ever been any selective intra-uterine mortality. At 
most one zygote could have perished early because only 15 ova were 
shed at the time of oestrus. 

The intensity of pigmentation of the platinum fetuses varied sonu‘- 
what, as shown by Fig. 4, l)ut the variation was continuous, and it was 


TABLE G. Average weight of silver and platinum fetuses at the 4i)tli 
dag of intra-uterine development, and the absolute and relative weight 
of some of their internal organs. 


Type of 
fetuses 

Number of fetuses 

Average weight of fetus and organs 

Whole 

fetus 

tc 

5 

Alimen- 
tary tract 

Liver 

Heart 

Kidneys 

Spleen 

Thymus 

Silver 

Platinum 

i 

(Weight in grams 
of total weight 
(Weight in grams 
^ of total weight 

54,68 

55,44 

2,3(1 

4,21 

2,43 

4,38 

2,47 

4,52 

2,71 

4,80 

4,31 

7,88 

3,5)8 

7,18 

1,23 

2,25 

1,19 

2,15 

0,72 

1 ,32 
0,71 
1,28 

0,12 

0,22 

0,12 

0,22 

0,18 

0,33 

0,17 

0,31 
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not possible to classify any fetus as being presinnably a homozygous 
platinum. All the 14 fetuses were weighed and dissected, and a careful 
search was made for anatomical abnormalities, but none was found; 
some of the internal organs were also weighed. We present here only 
the average weights of the silver and platinum fetuses. The variation 
within the two groups was continuous. 

The differences between the averages of the two groups are not 
significant. No objective measures of the quantity or quality of the 
blood were taken, but when the formalin-fixed fetuses were cut through 
in the median line, after evisceration, there was a consistent and very 
striking difference between silver and platinum fetuses in the intensity 
of blood pigmentation. The platinums appeared pale and anaemic in 
comparison with the silvers. That anaemia is common in mutant foxes, 
particularly in the platinums, has been pointed out by several writers, 
e.g. Gunn (1946). According to Todd (1944) 10 — 35 % of the platinum 
pups are lost (U. S. A, and Canada) during the first weeks after birth, 
and he states that the major cause is internal hemorrhage due to lack 
of vitamin K. The hemorrhage is said to be more frequent among the 
very light platinums than among the darker ones. Also, the mature 
platinum foxes show, according to Todd, an increasing tendency to 
become anaemic with decreasing intensity of pigmentation. 

The present writer will make an attempt to study the blood picture 
of mutant foxes in connection with future breeding experiments. 

It may be taken for granted that the platinum X platinum cross is 
a case of monohybrid inheritance, where the mutant gene has a lethal 
effect in the homozygous condition. The segregation of 11 platinum : 3 
silver fetuses in our breeding experiment (Table 5) may, however, be 
explained in three different ways. The three hypotheses are as follows. 

(1) The platinum gene {W^) is completely dominant over its nor- 
mal allele {W~^) as far as its effect on the pigmentation is concerned. 
All fetuses are viable during the intra-uterine development, but the ho- 
mozygous pups (lyl^W^^) are non- viable after partus; as a rule they are 
eaten by the mother together with the placenta. According to this 
hypothesis the intra-uterine ratio would be 3 platinums : 1 silver, and 
the average number of fetuses per litter would be the same as in inaL- 
ings of silver X silver or silver X mutant. Post partum the ratio would 
be 2 platinums : 1 silver, and the litter average would be reduced to 
75 % of its normal size. 

(2) The lethality of the platinum gene in double dose is effective 
very early during the intra-uterine development and therefore no traces 
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of partly resorbed fetuses or sit(?s of implantation are found. The iiitra- 
and extra-uterine ratio would be the same, i.e. 2 platinums : 1 silver. 

(3) The homozygous platinum fetuses die late during pregnancy 
or a short time after birth. They are white in colour, and therefore it 
would be possible to classify them according to their genotype, as as- 
sumed by Cole and Shackelford (1943). The ratio in uterus and at 
partus, when all fetuses, dead and living, are ascertained, would then 
be 1 homozygous white : 2 heterozygous platinums : 

1 homozygous silver (W ’ Vy ’'). 

The probabilities (P) of obtaining 11 platinums + 3 silvers in a 
sample of 14 pups on the basis of any one of the three hypothetical 
ratios are as follows. 


Hypothesis 

Ratio 

Probability *) 

P 

P-ratios 

1 

2 

3 

3:1 

2: 1 

1:2:1 

364 (»/4)“ 

364 (Va)“ 

0,2402 (^/»)“ 

= 0,240’i 

= 0,1659 

= 0,00277 

0,2402 

— 36,7 

0,00277 

0,1.669 

0,(10277 


The coefficient 364 is calculated by expansion of the binomial (p ~f q) ^^. 


Although our material is limited to 14 fetuses, the 1:2:1 ratio 
may be ruled out owing to rather poor agreement with the actual data. 
P of the test is less than 0,oi. 

Unfortunately, the numher of fetuses from our experimental vixens 
is too small to decide between the 3 : 1 and the 2 : 1 ratio. That no 
evidence of intra-iiterine mortality was found is, however, in favour 
of the 3 ; 1 ratio. In the next breeding season, therefore, the writer 
will concentrate his efforts on a test of the hypothesis (1) that the ho- 
mozygous platinums die at the time of partus, and that they are pheno- 
lypically similar to the heterozygotes as far as the pigmentation is con- 
cerned. 

White or almost white pups have occasionally been found also on 
Swedish fox farms after matings of platinum X platinum or plati- 
num X white face foxes, but their frequency could hardly reach more 
than a few per cent of the total number of pups in such litters. It 
seems probable that these slightly pigmented pups represent extreme 
segregates in a continuous series of dark to light heterozygous platinums. 
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The writer wishes to express his sincere thanks to the Swedish 
Fox Breeders’ Association for the provision of working facilities at 
the Association’s fox farm, and for all the help so readily given when- 
ever needed in connection with the compilation of statistical data. To 
Mr. A. Bagkhoff, who was in charge of the work at the fox farm, 
thanks are due for careful observation of the experimental animals and 
for conscientious record keeping. Last but not least the writer is 
greatly indebted to those fox breeders who donated five platinum vixens 
for experimentation, and to all the hundreds of breeders who have 
willingly taken the trouble to check and complete the data on our re- 
cord cards. It was this aid that made our work possible. 

SUMMARY. 

Investigations were carried out on the inheritance of the white face 
and platinum characters, which have arisen through mutations in the 
silver fox. Statistical data from Swedish fox farms are presented in 
Tables 2, 3 and 4, showing litter size, pup mortality and Mendelian 
segregation in the matings of silver X mutant and mutant X mutant 
foxes. Experimental matings of platinum X platinum were also car- 
ried out with the object of discovering the fate of the homozygous 
platinum fetuses (Table 5). The results are summarized in the follow- 
ing paragraphs: 

(1) The normal litter size in matings of silver X silver or silver X 
mutant was found to be 4,48, but in matings of mutant X mutant in any 
possible combination the litter size was reduced to 3,5(3. 

(2) The segregation in matings of silver X mutant and mutant X 
mutant foxes is explained by Cole and Shackelford’s hypothesis that 
the hereditary factors for the silver, white face and platinum characters 
form a series of multiple alleles (W'*', W and W^), and that all the 
three possible combinations of the mutant genes (WW, WW^ and 
I/yP]yP) are lethal. When the differential mortality of the pups is taken 
into consideration our actual data fit in very well with this hypothesis. 

(3) The heterozygous white face and platinum foxes are less viable 
than the silver fox, and the reduction in viability is progressive in the 
same way as the mutational change in the pigmentation. The pup mor- 
tality during the first three months after birth was for silver 6,9i %, 
white face 9,24 % and for platinum 13,13 %. The frequency of repro- 
ductive failures of the vixens follows the same general trend. 

(4) In the experimental matings of platinum X platinum three 
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vixens were killed after 45 clays of pregnancy. Their uteri contained 
14 fetuses — 11 platinum and 3 silver — and the corresponding num- 
ber of corpora liitea in the ovaries was 15. xA.ll the fetuses were living 
when the vixens were opened, and no evidence of any intra-uterine 
mortality was found. AW the platinum fetuses were phenotypically 
alike. 

(5) The results of the breeding experiment can best be explained 
on the basis of a 3 : 1 ratio, assuming that the homozygous mutants are 
viable in the uterus but die immediately after partus and are, as a rule, 
eaten by the mother, together with the placenta. The 2 : 1 ratio, assum- 
ing that the homozygous mutants die very early during the fetal 
development, cannot be rejected, however. Further experiments are 
needed for a decision between these two hypotheses. 

Uppsala, August 22nd, 1946. 
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I N most animals so far studied in which sex is genetically determined 
there is a chromosomal difference between the sexes. One sex 
possesses two homologous sets of chromosomes. The other sex has 
oiie such complete set, and another set in which one or more members 
are absent or replaced by chromosomes of a different type. In some 
groups the male has only a haploid chromosome set. There are how- 
ever a number of groups in which sex is wholly or mainly determined 
genetically, but in which no chromosomal differences between the 
sexes have been seen. These include all vertebrates except mammals 
and birds. In the Mematocera, the primitive suborder of the Diptera 
to which Ciilex belongs, some families have sex chromosomes, while 
others have not. According to the review of Wolf (1941), sex chromo- 
somes are found in the Phrijneidae, Thaiimaleidae, Scatopsidae, and 
Fungivoridae, while no difference between the sexes has been found in 
Bibionidae, Itoninidae, CuUcidae, Melimnidae, Tendipedidae, Tipiilidae, 
Limoniidae, and Cylindrotomidae. In addition sex chromosomes are 
unknown in the Chironomidae. In the Sciaridae and Cecidomijidae 
the somatic nuclei of the sexes differ, but their germ lines do not, so 
that the chromosomal difference is concerned with sex development 
rather than determination (v. White, 1945). 

It has often been thought that where no sexual difference has yet 
been found, a further study would reveal it. However no structural 
differences have been discovered in the large chromosomes of the 
Urodela, or in the giant polytene chromosomes of the salivary and 
other glands of the CuUcidae and Chironomidae (Baueu, 1935, 1936; 
Philip, 1942; Sutton, 1942). The last author examined the giant 
chromosomes of the Malpighian tubules of Ciilex pipiens. 

Most genetical work has been done on animals with two X chro- 
mosomes in one sex, and an X and a Y in the other; and there has been 
a tendency to regard the results obtained in them, and particularly in 
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Drosophila species, as of universal validity. In this communication we 
present facts which are best explained on the hypothesis that in Ciilcx 
molestiis sex is determined by a single pair of genes, maleness being 
dominant over femaleiiess, and that another gene pair located in the 
same chromosome shows linkage of the usual type, that is to say partial 
coupling or repulsion, with them. 

Systematic position and origin of stock. — White-eyed individuals 
appeared in a stock of Ciilex (Culex) molestus Foksskal, which is very 
closely allied to the commoner Culex {Culex) pipiens L. It was origin- 
ally regarded as a biological race of C. pipiens in which the adults do 
not hibernate, the females lay fertile eggs without a blood meal, and 
pairing can take place in a small space. However Marshall and 
STAI.EY (1937) give reasons for regarding this autogenous race as a 
separate species, a nomenclature now generally adopted. Among other 
differences, C. molestus biles human beings far more readily than 
C. pipiens. The subject has been fully reviewed by Marshall (1938). 
It must be remembered that C. molestus and C. pipiens give tertile 
hybrids (Tate and Vincent, 1936). 

Our stock of C. molestus originaled from larvae collected by Mr. 
P. Ci. Shiite, malaria officer, Ministry of Health, from a platform 
sump at Old Street Underground Sialion, London. The stock has been 
maintained under laboratory conditions since March 1944 by Di\ A. 
Bishop, Molteno Institute, Cambridge, whom we have to thank for 
supplying us with egg rafts from this stock. 

In a cage containing several hundred mosquitoes 4 white-eyed 
females and 10 white-eyed males were found, and all other white- 
eyed individuals were descended from them. The eye pigment is com- 
pletely lacking, and no differences in other organs or in the shape or 
size of the eye have been noticed. The white eye can be seen in the 
first larval instar and in all later stages, however the numbers in 
Table 1 are counts of imagines. 

Methods. — The experimental work was entirely carried out by 
Gilchrist in the Department of Entomology of the London School of 
Hygiene and Tropical Medicine, Haldane being responsible only for 
planning and interpretation. The mosquitoes were bred in a constant 
temperature room at 24*" C — 25'* G, at a relative humidity of 70 % 
—80 % . In these conditions the life cycle was completed in 18 to 2 1 
days. 

Larvae were reared in enamel howls containing lap water into 
which food, consisting of powdered dog biscuits and stabilized wheat 
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embryo (»Bemax») was sprinkled. The water was changed daily and 
iresh lood added. The first pupae appeared 10 to 12 days after the 
eggs hatched, and all larvae pupated within the next 3 days. Pupae 
were removed daily, and put into a 3X1 inch specimen tube. At 
this stage the normal and white-eyed individuals were separated, and 
the sexes were separated to a large extent. This was possible since 
males pupated about 24 hours earlier than females, so virgins could 
be obtained without isolating each individual. Up to 30 pupae could 
be placed in one tube without interfering with emergence. The tubes 
were plugged with cotton wool, and a strip of paper inserted into each 
which was held in place by the plug, and on which the newly hatched 
imagines could settle. 

Paired matings were made in similar specimen tubes not more than 
3 days after females had emerged. On the day after mating 1 — 2 cm. 
of water was run into the tube, and eggs were generally laid in the 
next 4 days. The number of eggs in a raft was counted, and it was 
transferred to a bowl, where the eggs hatched in 36 to 48 hours. The 
pre-imaginal mortality varied from about 5 % to" 15 %, except in two 
series where it rose over 20 % owing, we have reason to believe, to 
accidental contamination with »D. D. T.:> in dust. 


Sex rolio and single factor ratios. — Counts of the flies derived 
from three rafts laid by the original white-eyed females with unknown 
mates suggested the form of sex linkage which was afterwards found, 
and systematic paired matings, with some mass matings, were under- 
taken, The results of all matings in which both parents were known 
are given in Table 1. Expectations are given in italics where se- 
gregation occurred, w symbolizes the recessive gene for white eye, 
and + its normal allelomorph; M symbolizes the dominant gene for 
maleness, and m its allelomorph. 36 of the 132 rafts were derived 
from matings of several females with one or more males. The 
remainder were from paired matings. The mean number of eggs per 
raft was 86,3. The means for normal and white-eyed mothers are 
86,38 and 86,27 respectively, a very close equality. 


The first two lines refer to stocks in which brother — sister mating 
was carried on for three generations in each case. The next two lines 
show the results of reciprocal crosses between them. It will be noted 
that the pre-imaginal mortality does not differ significantly in the three 

A- IV 

genotypes q^, - , and The remainder of the flies recorded in this 


HerciUtas XXSIIL 


12 
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TABLE 1. 


Alo-' 

ther 


Father 


ifts 

Eg.i;s 

Imiigi-j Nor- 
nes jiiial Q 

White 

9 

Nor- 
mal rj 

White 

cf 

Remarks 

9 

702 

63(3 

310 

0 

326 

0 


9 

728 

646 

0 

308 

0 

338 


2 

137 

124 

61 

0 

63 

0 

Normal parent 
from inbred Ih 

2 

138 

118 

53 

0 

65 

0 

ne. 

Parents from 

1 

73 

64 

36 

0 

28 

0 

with white grand- 
mother. 

4 

297 

262 

69 

(73) 

75 

(73) 

64 

(5.9) 

54 

(5.9) 

Mother’s mother 
white. 

2 

147 

145 

46 

(W) 

34 

(M)) 

33 

(52,0 

32 

(52,0 

Parents from F., 
with white 
grandmother. 

13 

1222 

90P 

233 

(226*) 

219 

(226) 

227 

(225,0 

220 

(225,5) 

Mother's father 
withe. 

24 

2104 

1623 

41 

07, i) 

711 

(704,0 ) 

824 

(846,0 

47 

(54,0 

Father’s mother 
, white. 

7 

548 

491 

14 

07,0) 

257 

(254/0 

209 

(266,0 

11 

(13,8) 

Parents from F,, 

1 with white grand- 
mo ther. 

10 

981 

854 

409 

30 

(97,0 

39 

(26,0 

376 

(88.9,0' 

Father’s father 
white. 

1 

85 

79 

36 

(36,0) 

3 

(^/O 

0 

(2,.) 

40 

(87,0 

Parents both said 
to be normal with 
white father. 

39 

3511 

3331 

851 

(,962,7) 

847 

(7,95,0 

1584 

(1581,9) 

49 

(r>i,i) 

Parents’ mother 
white. 

9 

722 

631 

2(37 

24 

(fcV,0 

176 

(180,(!) 

uu 

(f 6.9,0 

Parents’ father 
white. 


ni - 1 - 


m -p 
mw 
nuo 
m T 


ni 

nuu 
mw 
mw 
mw 
mw 
m + 

mw 


m -f- 

2L+ 

inw 

mw 

727 a; 

mw 

mw 

mw 

mw 

’ mw 
mw 


m + 

!Ei- 

777 M? 


m -(- 
M + 
mw 
Mw 
mw 
Mw 
m -f- 
¥+ 
m + 

¥T 

mw 

Mw 

mw 

Mw 

mw 
Mw 
imv_ 
M + 

rnw 
M + 

m ~[— 

Mir 

Mw 

mw 
¥+ 
m + 
Mui^ 


132 9905 


4934 


4909 


table were derived from earlier malings in which the normal parent 
was often heterozygous. 

The sex ratio is very close to unity. 77ie grand total of Table 1 
is 50, IS + 0,50 % of males. For the first 50 families on the record 
r = 51,02, expectations being calculated on a basis of equality. This 
is very close to the value of 50 expected if deviations from equality 


Including two gynandromorphs. 
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were wholly due to sampling. Where the ratio is aberrant, a sex- 
linked lethal might at first sight be postulated. Thus one family 
consisted of 41 9» 22 cf, and it might be thought that a lethal gene 
had killed off about 19 potential males. But as 63 out of 67 eggs gave 
imagines, this is impossible. 

Before discussing the segregation of white eye we must refer to the 
family whose maternal origin is prefixed by a query. This family 
, ^ . mw 

segregated as if from ^-^9 X If course possible that a 

mistake was made as to the mother’s eye colour. It is also possible 
that she was a mosaic, her eyes being dark, but her ovaries homozygous 
for IV. All the other 109 segregating families segregated in ap- 
proximately the expected ratios. Here the absence of normal males 
and the large number of white-eyed males are equally unexpected. 
This family will be referred to as the exceptional family. 

The gene w for white eye is fully penetrant, and fully recessive 
on crossing. Since the sex ratio is unity we can legitimately add the 
data for the two sexes even when there was sex-linkage. The grand 
total for all back-crosses of known or presumed heterozygotes, in- 
cluding the exceptional family, is 2244 +, 2109 u;, or 48,45 + 0,7(> % 
white-eyed. The ratio is much the same when the total is subdivided 
into groups such as the j^rogeny of white- eyed females and normal sons 
of white mothers. 

The offspring from all crosses of known helerozygotes inter se is 
2878 +, 1084 w, or 27,3c ± 0,7i % white-eyed, a significant excess above 
25 %. If the exceptional family is included, this becomes 27,91 %. 

The single factor ratios are very steady from one family to an- 
other. Beckoning expectations of white-eyed mosquitoes as and V 4 > 
the 19 single raft cultures from heterozygous mothers gave = 11,23, 
the 26 from heterozygous fathers gave = 20,9i; and the 27 with both 
parents heterozygous gave = 19,fi3. This would be increased to 56, 12 
with n = 28, were the exceptional family included. With this ex- 
ception, the variation between families is below that expected on a 
basis of sampling alone, though not significantly so. 

Linkage. — Table 1 shows clearly that there is only one kind of 
heterozygous female, but two kinds of heterozygous male. The data 
agree with the hypothesis that females are mm, males Mm, and that 
M and w are closely linked, with a small recombination frequency x. 

Thus the two types of heterozygous male may be symbolized as 
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TABLE 2. 


Mother 

Fiither 


Expected types 

of segregation 


+ 9 


ID 9 ! 

-l-cf 

w d 



m -[- 

mw 

! 

1 


1 1 

1 


1 

mw 

Mw 



mw i 

mw 



1 X 

1 - X 



mw 

"M + 

X 



.r 

mw 

i±±. 

1 - X 


i 



1 - X 

mw 

Mw 


X 

X 

1 



mw 

1 X 


1 -^-x 

2 — ;r 



mw 

M + 



X’ 

m -f 
mw 

III + 

~Mw 

2-x 


X 1 

l+.r 


1 - X 


and ^ j according as they derived the gene w IVom the mother or 

father. The expectations from the different types of segregating mating 
are given in Table 2. 

The recombination frequency x is most simi^ly calculated from 
the number of cross-overs among the progeny of heterozygous males 
of known parentage, mated to white-eyed females. These number 113 
out of 2001, giving x — 0,(}i)(i. However a somewhat better estimate 
can be obtained from all the families showing linkage. If we assume 

that the mother of the exceptional family bred as we have 

^ " mw 

1 — x : ;r : : 2862 : 185; and 1 — x : 1 + x :2~x : x : : 1027 : 1011 
: 1851 : 73. Applying the method of maximum likelihood, the logarithm 
of the likelihood' is: — 

L = 258 log X + 1027 log ( 1 + x) H- 3873 log (l — x) + 

+ 1851 log (2 — x) +C. 

Differentiating and putting ~ =: 0, we have 7009 — 7470 x“ — 

— 7801 x + 516 = 0. So x = 0,nn2fi. If the exceptional family is as- 
signed to its putative mother we have 7009 x^ — 7434 — 7760x + 

+ 516 0, whence x — 0,o(i2fl. The expectations of Table 1 are calculated 

from the former value. 

Were the uncertainty in the value of x wholly due to sampling we 
should have for its standard error, 
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whence o = 0,oo37. However most of the uncertainty is not due to samp- 
ling, as appears when we calculate Taking x = O, 0626 , we have 
= 66 , 7u for the 33 cultures in which a ratio of 1 — x : x is expected, 
and = 152,11 for the 33 half-cultures of one sex in which a ratio of 
2 — x:x is expected. The sampling distribution of deviates from 
its classical form when expectations are small, hut the probability that 
the above values should be due to sampling is extremely small. Most 
of the information about x is derived from back-cross families, and as 
has twice its expected value, the amount of information is halved. 
The remaining information is even more reduced, so the standard error 
is about 0,006, or the recombination is 6,26 ± 0 , q %. 

The cause of the divergences between different cultures is un- 
known. There were a few cultures with very high recombination. 
Thus two heterozygous brothers with white-eyed mates gave 16 cross- 
overs out of 99, and 12 out of 103. However brothers can differ greatly. 
Thus two brothers gave 11 out of 107 and 0 out of 96. The probability 

192! 107! 

of obtaining so great a divergence bv chance is = 63 V?! X 10 

^ ^ o . 203! 96! 

Other pairs of brothers show almost as large differences. The most 

obvious hypothesis is that there are inversions in the neighbourhood of 

the genes concerned which are occasionally lost by crossing over. This 

is however hard to reconcile with the data, and the cfuestion can only 

be decided by further genetical and cytological work. 

Gynandrojiiorphs. — Three gynandromorphs were found, A in a 

mass culture not included in Table 1 , and B and C in separate cultures 

, mw ^ mw 

from r V X Tr~ Cf • A search of the literature revealed two other 

m4- Mw 

records (Marshall, 1938; Weyer, 1938) of gynandromorphism in this 
species, and 12 in all other mosquito species both in Britain and abroad. 
Of these, 7 were in the genus Aedes (Edwards, 1917; Brelje, 1923; 
Shute, 1926; Marshall, 1938; Smyly, 1942), 4 in the genus Calex 
(Bedford, 1914; Marshall, 1938; Middlekauff, 1945), and 1 in 
Theobaldia (Classey, 1942). 

Our three gynaiidromoi'phs are described in Table 3. The mouth 
parts have not been included, as it has been found impossible to identify 
the stylets or their relative positions from the mounted heads. Fig. f 
shows the head of specimen B. Usually one appendage of a pair is 
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TABLE 3. 


0 r g a n 

Left side 

night side 

Gijiiandro morph A. 



Antenna 

rf normal 

Torus as in normal 9 I'Ga- 
gelliim hairier than normal 
9, less so than normal cj. 

Palp 

cS normal 

Length intermediate beL\veen 
normal cf and 9, ‘PGl 

and 5th joints distorted, 
thickened, hairy. 

Eye 

Normal 

Normal, slightly larger than 
left. 

Fore leg, in id leg 

CS normal 

9 normal 

External genitalia 

cS normal 

9 nomial 

Gonads 

Normal ovary 

Normal ovary 

Spermalhecae 

Two 

(normal 9 Ihrce) 

Gijiiandromorph B. 



Antenna 

9, hairier than normal. 

cf normal 

Palp 

9 normal 

cf normal 

Eye 

Pigmented save for 15 
white facets on med- 
ian posterior margin. 

White, no pigment. 

Fore leg 

Cf normal 

cj normal 

Midlcg 

4th tarsal segment lon- 
ger than 5th, claws 
toothed (as in cJ). 

llh tarsal segment as long 
as 5th, claws toothed. 

External genitalia 

9 normal 

Cf normal 

Gonads ! 

Normal testis 

Normal testis. 

Spermathecae ' ’ 

lA 

VO 

Gijna n dro m orp h C. 



Antenna 

Cf normal 

9 normal 

Palp 

Length between cS 

9, distorted, thick, 
hairy. 

cS normal 

Eye 

Pigmented 

M a i n 1 y ) ) i g in en t e d , b u 1 g r o u [ ) s 
of white facets give mott- 
led appearence. 

Wing 

Smaller 

Larger 

Fore leg, in id leg 

cJ normal 

9 normal 

External genitalia 

CS normal 

9 normal 

Gonads 

One ovary, one testis, but not certain on which 
side situated. 

Spermalhecae 

Two 
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female, the other male, but it is not uncommon for one to be male and 
the other intermediate, as if a hormone diffused from the male regions. 
In C it will be noted that the right palp was male, the male appendage 
being on the left in other segments. The sex of the gonads has little 
relation to that of external organs. 

Gynandromorphs B and G were members of otherwise normal cul- 
mw 

lures from interpretation is difficult because we 

do not know the sex of the eyes. Gynandromorphs in Drosophila 
generally arise by the loss of one A" chromosome from some cells of 



Fig. 1. Head of gynandroiiiorph B. Explanation in Table 3. 

what would otherwise be a female (ATY). In a mosquito it seems quite 
likely that the loss of one of the six chromosomes would be fatal, and 

most unlikely that it would give normal female or male organs. We 

can at once rule out the possibility of dispermy alone. This woiilc 

give a mosaic for sex but not for eye colour. On the other hand if i 

polar body were fertilized by a spermatozoon, and the female pro 
nucleus by another, each providing nuclei for about lialf the body, tin 

m 4 - m 10 

facts are explicable if one part is — — and the other , or if one par 
^ ^ ww Miv ^ 


is — and the other Such double fertilization seems to occur ii 

mw M 

Lepidoptera (Goldschmidt and Katsuki, 1931 ). 

If the gynandromorphs arose from a single diploid nucleus thi 
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must: have been 


m -|- 
Mw ' 


Elimination of a chromosome will not account 


Drosophila, giving rise to “ and j-~ regions. 


Or the two daughters 


for them unless we make the unlikely assumption that tissues with llie 
gene M alone are female. But they can be explained on either of two 
hypotheses. Somatic crossing over may have occurred, as it does in 

m -f- , Mw 

m -\- 

of one chromosome may have gone to one pole at an early milosis, 
those of its homologue going to the other. It is clear that such an event 
would be facilitated by somatic pairing. Either hypothesis implies 
M 

that ^ is viable, as it is in Aii'ibijstoma, and that the white eye regions 

were male. This would have been in agreement with the appendages 
in B and with the palp in C. When genes appear which affect sexually 
dimorphic organs it will be possible to decide between these hypotheses. 

The influence of eye colour on behaviour. — Normal imagines 
show a well-marked reacliou when an opaque object such as a hand 
or a piece of paper is passed between the source of light and the cage. 
Mosquitoes which have settled on the netting of the cage at once be- 
come very active, making a loud buzzing when in flight. The reaction 
is of short duration but striking in intensity. In contrast, white-eyed 
imagines show no such activity. 

When a bright light was switched off leaving a dimly lit room 
the normal imagines showed no such activity. The reaction is Ihus one 
to tlie moving contour between a bright and dark area of ihe visual 
field, and not to a decrease in light intensity. 

However preliminary exxieriments by Mr. T. R. Kao in the Depart- 
ment of Entomology of the London School of Hygiene and Tropical 
Medicine have shown a response of both normal and while-eyed 
C. inolestus to light intensity. Two mosquilo cages, one covered with 
black paper, were placed alioul 12 inches apart in a room in daylight, 
and connected by a cardboard tunnel. About 100 mosquiloes, male and 
female, were put into the darkened cage, and ihe number of mosquitoes 
which had entered the lighted cage was counted at intervals. During 
the daytime both types showed little activity, and remained in ihe 
darkened cage. At dusk most of them came out into the uncovered 
cage. The difference in behaviour between the two types is exactly 
similar to that found by Kalmus (1943) between normal and white- 
eyed members of Drosophila species. Both types show phototaxis, but 
the white-eyed forms do not respond to moving visual contours, as their 
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ommatidia are not isolated from one another by pigment, and visual 
acuity is thus reduced to nil. However the light receptors are quite 
functional when it is irrelevant whether or not they are isolated. 

In the larval and pupal stages eye pigment is wholly absent in 
w 

— individuals; nevertheless no difference was found between their 
w 

behaviour and that of normal individuals. Both showed a well marked 
shadow response when an opaque object was passed over the water; 
individuals suspended from the surface film immediately swam down- 
wards. This reaction was also observed when, in a dimly lit room, a 
bright light placed near a bowl of larvae or pupae was switched off. 
It was therefore a response to light intensity, not to a moving contour. 

Discussion. — The main result obtained is that in this species a 
pair of genes for which both sexes are diploid yet show a partial or 
incomplete linkage with sex. This phenomenon is not very rare. It is 
found in Drosophila species for the gene bobbed, which however at 
most crosses over very rarely with the sex genes (Philip, 19351. It 
occurs in the beetle Phytodecta uariabilis (de Zulueta, 1925). Here 
the same sets of genes for natural polymorphism are found both in the 
X and Y chromosomes, and crossing over is very rare, if it occurs at 
all. In this species Galan (1931) found an unequal pair of chromo- 
somes in the male. So here, as in Drosophila, sex is determined by a 
chromosomal section, but the section of the X and Y chromosomes 
which is homologous contains homologous genes. 

Aida (1921) discovered partial sex-linkage in the Gyprinodont 
teleost Aplocheiliis latipes, and it has since been found in other Cypri- 
nodonls, notably Lebistes reticulatiis where WiNGE has studied it ex- 
tensively. He found no unequal chromosomes in the male, nor did any 
of the numerous sex-linked genes which he found behave like those 
of Drosophila or mammals, where the Y chromosome does not carry 
them. On the contrary Winge and Ditlevsen (1938) were able to 
obtain viable »yy», or MM individuals provided that the Y chromo- 
somes came from different lines. This suggests that the gene lor 
maleness is often coupled with a recessive lethal, but not always with 
the same one. The fact that either sex may be heterogametic within 
a group of crossable species, or even within one species (Winge, 1934), 
suggests that sex is here determined by genes, and not by chromosome 
segments. 

The only species in which a number of genes showing both types 
of sex-linkage have been described is man (Haldane, 1936, 1941). 
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Here the genes in that part of the X which has no homologue in the 
Y show the classical type of sex-linkage, while those which can cross 
over between the X and the homologous segment of the Y show partial 
sex-linkage, detectable in the progeny of heterozygous males as in Ciilex, 

The slrongest evidence for the determination of sex by a single 
gene is provided Iiy the work of Humphreys ( 1945 ) on the axolotl 
Anibijstonm mcxicamim. Here the male is normally //, the female 
Ff. By grafting testes which were later removed, Humphreys trans- 
formed Ff individuals into males. The mating Ff 9 X FI d' gave 
3 9 • ^ Cfi niid some of the females gave all female progeny with normal 
males, and were therefore FF. In this species femaleness therefore 
seems to be due to a single completely dominant gene. It is suggested 
tliat where sex is genetically determined in Pisces, Amphibia, many 
Neniaiocera, and probably Reptilia, it is usually determined by a single 
gene, even if we accept Svardson's ( 1945 ) presumptive evidence for a 
chromosome fragment determining sex in Coregomis lavareiiis, which 
is not conclusive. 

The fact that a worker so experienced as Sutton in detecting 
small differences between homologous polytene chromosomes failed to 
find them in Ciilc.ic suggests that if they exist they arc at must of the 
slight nature associated with some single gene differences in Droso- 
phila, An inversion which would allow .several genes to act as a unit, 
or a deficiency or duplication of more than perhaps a single band would 
probably have been detected. The same applies to Chironoinus and 
other Neinatoceran species which have been extensively studied. A 
definite proof of the existence and viability of MM cells would strongly 
support the hypothesis of a single gene. In any case the sex-determining 
meclianism has as much right to be described as a gene as have suclt 
genes as Bar, Delia, or Moire in Drosophila melanogaster. 

On the assumption tliat sex is determined by a gene, or a small 
chromosomal abnormality whicli is not lethal when homozygous, and 
on the further hypothesis that somatic crossing over or abnormal mitosis 
occurs, we can perhaps explain the occurrence of spanogyny, or shortage 
of females, which Roubaud ( 1933 ) and Tate and Vincent ( 1936 ) have 
observed in Ciilex pipiens. As a result of somatic crossing over mos- 
quitoes or testes of genotype MM may arise, and their progeny will be 
entirely male. Spanandry could also be explained if other genes could 
determine sex, as they do in Lebistes. Lethal genes closely coupled 
with m could produce a shortage of females, hut probably not families 
of 100 o’ and 1 9 reported by Tate and Vincent. 
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Crossing over has so far only been detected in the spermatogenesis 
of Culex, It does not occur, except very rarely at mitosis, in Drosophila 
males. A comparison of its frequency in the sexes of Ciilex must await 
the discovery of two linked genes. 

Although sex determination by a single gene is simpler than by 
a chromosome, and appears to be primitive in vertebrates, it cannot 
be assumed to be a primitive character in the Nematocera, if only 
because chromosomal sex determination is found in insect orders more 
primitive than the Diptera. Although the Nematocera are more pri- 
mitive than the Brachycera, it is entirely possible that their ancestors 
had a sex determining mechanism like that of Drosophila, P'^or 
Sturtevant (1945) describes an autosomal recessive gene, transformer, 
in Drosophila mekmogasler which has no effect on males, but trans- 
forms XX or even XXY zygotes which would otherwise he females, 
into males of normal morphology, apart from small size of the testes, 
and normal behaviour, hut sterile. If a similar gene, or the same one 
with suitable modifiers, produced fertile males, it would be possible 
to secure a race in which the chromosomes of the sexes would be alike, 
and femaleness would be due to a single dominant gene. 

The gene for white eyes in Ciilex is probably homologous with 
that in Drosophila, where there is only one locus giving this effect. If 
other sex-linked genes in Drosophila have sex-linked homologues in 
Culex it may be possible to homologize the whole or parts of the sex- 
determining chromosome of Culex and the X of Drosophila. If so this 
will be an argument for the primitive character of the condition in 
Culex, which could obviously evolve into the Drosophila mechanism by I 
a simple process. So long as crossing over occurs between the chro- 
mosomes carrying M and m, or so long as MM testes occur with ap- 
preciable frequency, the chromosomal regions round the M locus are 
not shielded from natural selection. If, as the result of inversions, 
suppression of crossing over in the male, and suppression of somatic 
crossing over, tliese regions are shielded, recessive lethals, and ultimately 
deficiencies, will accumulate in them, and the M chromosome will 
degenerate into a nearly functionless Y. It is a striking fact that this 
has not happened in many large and successful groups. 

The high variability of crossing over is the more striking since 
DE WiNTON and Haldane (1935) in Primula sinensis and Spurway 
(1945) in Drosophila siibobscara found that crossing over was hardly 
more variable than was to be expected as a result of sampling, and 
decidedly less so than single factor segregation. 
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Our results emphasize the need lor a widespread comparative 
study of sex-linkage. It is most unlikely that Homo sapiens is the only 
species in which both types of sex-linkage are found for a number of 
genes; and the partial type found in Culex may be far commoner than 
has been supposed. 

We. have to thank Professor P, A. Buxton for allowing this work 
to proceed in his department, and for his interest in it; Dr. M. J. D. 
White for photographing the head of a gynandromorph; and Dr. 
li. Spukway for suggesting the hypothesis here put forward as to the 
origin of the gynandromorphs. 

Siimmarp, — White eye in Culex molesfiis is a recessive character 
giving normal Mendelian ratios. It is partially linked with sex, showing 
6,3 + 0,G % recombination. There are no sex chromosomes, but male- 
ness appears to be due to a single dominant gene in the same chromo- 
some as that for white eye. Crossing over is unusually variable. Three 
gynandromorphs, two being mosaic for eye colour, are described. These 
latter cannot be due to chromosoinal elimination, and may be due to 
somatic crossing over. 
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EXPERIMENTAL STUDIES ON THE IN- 
FLUENCE OF DDT INSECTICIDE UPON 
PLANT MITOSIS 

BY ANTERO VAARAMA 

THE STATE HORTIGULTURAL INSTITUTE, PIIKKIO, FINLAND 


L INTRODUCTION. 

T he c-mitotic activity of colchicine and some other substances has 
been one of the most cerftral objects of cytological investigation 
during the last few years. At the same time as new efficient agents 
have been searched for, the physiology of the c-niitosis has been under 
careful examination. It may be considered as an undeniable merit of 
two Swedish investigators (Levan and Ostergren, 1943; Ostergren 
and Levan, 1943; Ostergren, 1944 a) that the many different parallel 
events related to the c-mitosis have been logically connected. The inter- 
pretation they give of the physiological mechanism of the c-mitosis will 
undoubtedly make an established basis for continued elucidation of this 
question. 

The above-mentioned papers have established that in most organic 
substances the essential character of the c-mitotic activity is physical and 
therefore does not immediately depend on the chemical structure of a 
substance. iVccording to Levan and Ostergren (1943) and Ostergren 
(1944 a), c-mitosis has many contacts with the narcosis phenomenon 
and may be considered as a kind of narcosis (in the widest sense of the 
word). Thus we are able to understand the c-mitotic activity of the 
most different organic substances in spite of their great variation in 
efficiency, i. e. the intensity of their visible effect. Ostergren (1944 a) 
distinguishes the following closely interrelated effects of organic 
chemicals on higher plants: c-mitosis, which can be complete or partial, 
c-tiimour formation, chromosome contraction and many cases of poison 
effect: 

It is, however, not necessary that all these related effects are visible 
at the same time. The active substance may thus be either efficient or 
inefficient as regards the individual effects. In certain cases other 
modes of activity can also be observed, though in the current literatui^e 
there is little to be found on this aspect. These modes ma}^ prohably\ 
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be specific to certain agents in some cases. As a whole, we are as yet 
very imperfectly acquainted with the above-mentioned phenomena. 

When the present writer began to experiment with the DDT 
insecticide, which during the last few years had proved to l)e very 
effective, practical purposes were nearest in his mind. In practice it is 
often necessary to dust or spray DDT upon the surface of the [daiit 
buds at the critical stage of nieiosis. Now, it might he thought tliat a 
possibly occurring c-mitolic or other effect could give rise to circimi- 
stances which would be noticed in practical farming. 1 have, however, 
uiidertakeii to experiment with mitoses because, with them, llie experi- 
ments are simpler to carry out, especially as it has been observed in the 
few cases studied that the same agents are active in meiosis also. Very 
probably these investigations will not contribute in any noticeable degree 
to the practical fight against the insect pests. However, the several 
interesting features observed, which are unfamiliar in tlie normal c- 
mitotic effect, ought to he worth a rather detailed description. 

The DDT insecticide is a substance synthesized l)y the vSwis.s 
chemical factory Geigy (Basle) and as a chemical compound is named 
dichloro-diphenyl trichloro-methylmetliane. DDT is a contact insecticide 
that is very poorly soluble in water. According to Laugeii, Martin 
and Muller (1944), the influence of DDT upon the insects depends on 
its lipoid solubility. Because of this property the substance is able to 
penetrate the epicuticiila and chitin cuticula of the insects and enter 
into the ends of the nerves. There, it has a strong toxic effect. Its solu- 
bility in lipoids is considered to be based upon the chloroform radical, 
its toxic effect, on the other hand, upon the chlorobenzene part of the 
DDT molecule. 


II. MATERIAL AND METHODS. 

As experimental objects I have used the common commercial 
varieties of the cultivated onion, Allium Cepa (211 — 10) and a legu- 
minous plant Trigonella foeniim graeciim (2n = 16; cf. Fryer, 1930). 
The methods have been the same as those successfully used by the 
Swedish investigators (Levan and Ostergren, 1943) in their experi- 
ments with Allium and Pisiim, The capacity of the glass jars in which 
the objects were growing was 30 cc. The DDT substance used (melting 
point 106— 107"* G.) was produced by Dr. T. Voitila in the laboratory 
of the State Alcohol Monopoly, Flelsinlvi, Finland. One of the series of 
the pure DDT substance has been made with the use of saturated ttip- 
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water solutions. In order to bring about an easy dissolving the solutions 
have been made by pouring a small amount of saturated alcoholic 
solution of DDT into tap-water and boiling out the alcohol from the 
aqueous suspension. 

Besides these solutions, others containing both ethyl alcohol and 
DDT have been made in such a way that a definite amount of DDT has 
been dissolved in a definite amount of absolute alcohol and the solution 
then poured into tap-water. The solubility of DDT is also quite low 
in ethyl alcohol. The solutions contain, therefore, rather large amounts 
of alcohol, i. e. 1, 2, 3 and 4 cc. per 30 cc. water, corresponding to 3,3, 
6 , 7 , 10 and 13,3 vol. %. In order to investigate the influence of the pure 
ethyl alcohol also an alcohol series of corresponding concentration 
was used. 

The root-tips were fixed with twenty-four hours’ intervals after 1, 
2 and 3 days; in the pure DDT solutions also after 4, 5 and 7 days. The 
only fixative used was the craf modification according to Randolph. 

Exclusively the paraffin method has been used during the invest- 
igation and mainly longitudinal sections were made. Staining was partly 
done by the common iodine-gentiaii-violet method. As in the course of 
the examinations it appeared necessary to distinguish between the nu- 
cleolus and the chromosomes, recourse was also had to a differential 
staining. At first I attempted to use the differential staining method of 
Semmens and Bhaduri (1939), in which the chromatin is stained by the 
Feulgen method and the nucleoli with light-green. However, as the 
light-green stain was found to be extracted too easily during the differ- 
entiation procedure, I tried to combine the common iodine-gentian-violet 
staining with the Feulgen method, and the results have been satis- 
factory. 

After being removed from the fuchsine-sulphurous acid and passed 
through the sulphurous acid water the slides were immediately stained 
according to the common iodine-gentian-violet method. For the purpose of 
obtaining the desired tint, the gentian-violet stain must be rather weak in 
order not to conceal the Feulgen stain. Therefore, it is best to stain 
only a short time (2 min. for Allium and 5 min. for the less stainable 
Trigonella] and to continue the differentiation in absolute alcohol so 
long that the Feulgen stain beneath becomes dimly visible at a macro- 
scopical inspection. The most reliable result can be attained, however, 
by controlling the differentiation process under the microscope. The 
chromatin comes out as dark purple, the nucleoli as bluish green. This 
staining method, however, does not admit of general application, and 
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the desired result can only be reached by using root-tips treated with 
ethyl alcohol and DDT + ethyl alcohol. On untreated slides or slides 
treated only with pure DDT the nucleolus either fails to stain or the 
stain disappears during the differentiation. 

A different gentian-violet staining of eiichromatin and hetero- 
chromatin at various mitotic stages could clearly he observed. In the 
euchromatic parts of the resting nuclei the pure red colour of the 
Feulgen stain could be seen, while the lieterochromites were a very 
distinct purple. In the cases where the matrix substance was diminished 
at metaphase the lieterochromalic parts of the chromosomes could also 
be distinguished at these stages. 

III. THE RESULTS* 

1. ALLIUM CEPA, 

The pure DDT substance. • — As above mentioned, saturated tap- 
water solutions were used in all exj)eriments. The first fixation was 
made after twenty-four hours’ treatment. After this time of treatment, 
as well as after all other times up to seven days, no c-initotic effect 
except the extra chromosome contraction could be observed. This is 
on an average 30 % of the total length of the chromosomes. In other 
respects the divisions were normal. 

The toxic effect of the DDT substance seems to be weak. The roots 
were still fully turgescent after treatment lasting seven da 5 ?^iS. After two 
weeks, however, the roots seem to be killed. 

The pure DDT substance is, thus, a weak mitosis-disturbing agent, 
the effect of which reaches its maximum in producing the extra chro- 
mosome contraction. According to Ostergren (1944 a, p. 443), this 
effect is the only visible expression of the c-initoiic properties, which we 
can see when using the lowest concentrations giving effects in the ex- 
periments. The cause of the absence of other c-mitotic effects in the 
prCvSent case — such as are usually brought about by stronger con- 
centrations — is the poor solubility of the DDT substance. This makes 
it impossible to use sufficiently strong concentrations. In this respect 
DDT substance can be compared with such substances as diphenyl, 
azobenzene, diniethylaniinobenzeiie, Michler’s ketone, phenanthrene 
and anthracene, with which experiments have been conducted by 
Ostergren (1. c.). 

The toxicity threshold of the DDT substance also lies obviously 
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above the water solubility limit in the saturated solutions. In this 
respect the substance is reminiscent of the likewise very poorly soluble 
acenaphthene (Ostergren, he.). 

Ethyl alcohol, — As earlier mentioned, in the pure ethyl alcohol 
series the concentrations of 3,3 — 13,3 vol. % were used. In the lowest 
concentrations the true c-initotic disturbances affecting spindle function 
were rarer than in higher ones, nor was the intensity of the other 
disturbances comparable with that in the strongest solutions. Oster- 
gren (1944 a, p. 446) mentions the c-mitotic threshold concentration of 
ethyl alcohol as l,o — 0,5 mol./l, corresponding to the concentration of 
about 5,8 — 2,9 vol. % . Thus the results obtained correspond closely with 
the values published by him. Neither can any macroscopically visible 

Figs. 1 — 2. Allium Cepa. — 

Fig. 1. A metaphase side view 
of mitosis treated with ethyl 
alcohol. Two nucleolar bodies 
The visible structure of the 
chromosomes is not drawn. — 

Fig. 2. A part of the mela- 
phasic chromosome set of an 
untreated plant. The nucleolus 
attached to a chromosome is 

visible. — X 1850. 

poison effect be observed during the first few days in the highest 
concentrations. 

In the alcohol series an extra chromosome contraction correspond- 
ing to that found when the pure DDT substance is used can be observed. 
The average contraction is also the same, i, e. 30 % of the normal chro- 
mosome length. 

Besides the chromosome contraction, some features peculiar lo the 
partial c-mitosis have also been observed. As characteristic of these 
partial c-mitoses the metaphase chromosomes are arranged in the 
middle of the cell. In several cases a rather complete metaphase 
orientation may occur, even when the higher alcohol concentrations are 
used. No achromatic sphere on the surface of which the chromosomes 
are placed (Shimamura, 1939; Berger and Witeus, 1943) can be 
observed. 

No X-shaped metaphase chromosomes characteristic of the meta- 
phase stage of the full c-mitosis can be seen in these partial c-initoses. 
The chromosomes are clearly divided into two chromatids lying parallel 
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to one another during metaphase (Fig. 1). The failure of the centro- 
nieres to divide at metaphase of the full c-mitosis has an influence on 
the elastic repulsion (Ostergren, 1945) between the two chromatids. 
Those forces which produce X-shaped chromosomes have not been at 
work in this case. 

Characteristic of the partial c-mitosis is (Ostergren, 1944 a) the 
fact that the spindle apparatus is not so much disturbed as to prevent 
anaphase, but the spindle is unable to give a bipolar anaphase. This 
is the cominon case in Alllam treated with ethyl alcohol. The chromatids 
separate, sister-nuclei are formed and a cell-wall arises between nuclei. 
No formation of polyploid cells peculiar to the full c-mitosis can be 
observed. 

In the root-tips treated with alcohol very important changes are 
observed in the matrix or kalymma surrounding the cliromonema, i. e. 
in the substance containing nucleic acid and basic proteins around the 
chroinonema (Gaspersson, 1936, and later with collaborators; Sehra, 
1942, 1944). Already at propliase, when the accumulation of matrix 
substance begins in the normal chromosome cycle, we can see that the 
formation of matrix is weaker than usual. The chromatids arc seen to 
be already separate at an early stage. The spiral structure of llie 
chromonema is quite clearly visible. Lack of matrix substance conlinues 
during the whole mitosis. At telophase there then follows the definitive 
disappearance of matrix belonging to the normal chromosome cycle. 
The literature seems to contain but few reports of corresponding ob- 
servations. It is, however, very probable that the same phenomenon 
can be brought about by otliei' agents too. Levan (1945) has observed 
a corresponding influence from several inorganic salts, Berger and 
WiTKUS (1945, Plate 1) have published some micro-pholographs of 
c-niito.ses induced by colchicine in Alliani, These show in my opinion 
a lack of matrix substance similar to that inenlionied above. In their 
experiments with liquid benzene and benzene vapour Berger (1944) 
and Berger, Witkus and Sullivan (1944) have particularly mentioned 
the phenomenon under consideration. 

It can be assumed that the matrix substance of the chromosomes 
has become more fluid owing to the treatment with ethyl alcohol. This 
phenomenon is named by Besende (1941) »chromatic agglutination ». 
The viscosity of the substance has decreased and it follows that the 
chromosomes and particularly the distal ends of them have acquired 
a tendency to glue together, causing the sticky phenomenon. This 
manifests itself at the anaphase separation of the chromatids when 
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:>false> bridges arise between the two chromatid-sets. In the root-tips 
treated with alcohol the sticky phenomenon is, however, less pronounced 
than in those treated with DDT + alcohol, as will be shown later. By 
no means all anaphases show the sticky phenomenon, and the false 
bridges are no longer visible after anaphase. 

An important feature is also the occurrence of nucleoli even after 
prophase. This phenomenon, like the stickiness of the chromosomes, 
is also more intensive after treatment with DDT + alcohol. 

The nucleolus behaves during prophase entirely normally, i. e. it 
diminishes in bulk at the end-stage of prophase so that by the same 
time the nuclear membrane — or nuclear-cytoplasmic surface, as it has 
been named by Darlington (1937) — disappears the nucleolus has 
become very small or has wholly disappeared. Irrespective of that, most 
of the meiaphase figures show nucleoli fastened upon the chromosomes 
(Fig. l). The number of nucleoli is usually one or two, more rarely 
three or four. In the alcohol series the nucleoli disappear wholly at 
anaphase or at latest after the beginning of telophase, probably being 
resorbed into the cytoplasm. At telophase no lagging nucleoli between 
the nuclei could be seen. The formation of the new nucleoli beginning 
at telophase occurs entirely normally, i, e. the nucleoli begin to appear 
as a rule at two points inside the group of the telophasic chromosomes. 
The so formed nucleoli as a rule fuse very soon to one large body. 

The fibre structure of the spindle does not in any way deviate from 
the normal. 

The DDT substance + ethyl alcohol. — In the solution series 
prepared of DDT suspensions of different concentrations the variation 
in the amount of the suspended substance has no influence. Neither 
do the different treatment-times — the shortest time was twenty-four 
hours — cause any essential differences in the quantity or quality of 
the effect. On the other hand, in the solutions of the lowest alcohol 
concentration (3,3 vol. % ) the c-mitotic effects were weaker and the 
regular metaphase orientation occurred quite often. 

The extra chromosome contraction has always been observable. In 
amount it corresponded closely to that mentioned above in connection 
with the pure DDT and the pure ethyl-alcohol treatment. This con- 
traction was on an average 22 % of the normal length of the chro- 
mosomes. 

At metaphase we can observe the same c-mitotic effect as after 
alcohol treatment, though more distinctly expressed. The regular meta- 
phase orientation cannot be observed in any case except that of the 
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lowest alcohol concentration. The chromosomes are always scattered 
in the middle of the cell (Fig. 3). This figure also gives us a conception 
of the shape ot the chromosomes at this stage. X-shaped chromosomes 
are entirely lacking. The chromatids lie parallel and they very often 
seem to be quite separate. They are frequently relatioiially coiled. 

Tlie spindle apparatus is often functional, as can be seen from the 
typical anaphase and (he normal separation of the chromatids. In 



Figs. 3 — 8. Allitim Cepcu DDT -h ethyl alcohol treatment. — Fig. 3. A part of a 
mctaphasc plate with scattered chromosomes. Four iiietapha.se luicleoli, lack of the 
matrix, and the two-partite .slnicliire of the chronuitid.s are visible. — Fig. 4. A falsie 
bridge and many parts of the metaphase nucleoli fusing with chromatids are vi.sihle. 
A chromatin elimination attached to the largest nucleolus is to be seen. The strue- 
Inre of the eliromatids i.s not drawn. — Fig. 5. A late anaplui.se with false bridges. — 
Figs. 6 — 8. Telophases with numerous false hridge.s. In Fig, 8 a small chromatin 
elimination and one metaphase nucleolus pushed out from the division figure are 

visible. — X 1850. 


several cases, however, the occurrence of multipolar spindles can be 
observed, which feature according to Ostergren (1944 a) is very 
characteristic of the partial c-mitosis. Formation of polyploid cells has 
to some extent occurred. The disturbances have thus in several cases 
led to full c-mitosis. 

The weak development of matrix substance like that mentioned 
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above in connection with the pure alcohol treatment is even more 
pronounced. At met-anaphase the chromatids seem to be quite »naked» 
as at the resting stage (Fig. 3) and the chromonemic structure of the 
chromatids is clearly visible. The two-parted structure of the chromatids 
is to be indubitably seen (cf. Levan, 1945). Whether the half 
chromatids are further divided, and what the structure of the chromo- 
neina is (cf. Nebel, 1939), has not been examined in this connection. 

The » chromatic agghitination» and the sticky phenomenon origin- 
ating from it are regularly visible after DDT + alcohol treatment both 
at ana- and telo-phase. The intensity of the stickiness compared with 
alcohol treatment is also increased. Figs. 4 — 10 give us a conception 
of the phenomenon from anaphase to the end stage of telophase. It 
can be observed that the gluing of the chromatids occurs principally 
end to end, i. e. the distal ends of the chromatids have the strongest 
tendency to fuse. In some cases (Fig. 5, the outermost bridge to the 
left) we can, nevertheless, see that the larger pieces of the chromatids 
also are able to fuse. The anaphoise separation stretches the fused 
chromatids so that numerous false bridges arise. The durability of the 
bridges in the 13 DT + alcohol series is much greater than those after 
alcohol treatment. They usually last until late telophase (Fig. 8). These 
bridges rarely occur during the formation of the cell-wall between the 
sister-nuclei (Fig. 10). This feature seems to be typical of the bridges 
induced by Ostergren (1944 b) with ethylene glycol. 

The bridges break between the delayed chromosomes and give to 
the sister-nuclei a very irregular shape. It is impossible to say whether 
the bridges may sometimes separate intact. Some features, however, 
suggest that at the break the one suffers deletion while the other gets a 
duplication. It happens very often that stretching connected with the 
stickiness breaks the chromatids in such a way that some of their pieces 
are eliminated. The eliminations visible in Fig. 0 are uncommonly 
large, in general they are smaller, as can he seen in Figs. 8 and 10. 
The role of the lagging nucleoli in these eliminations must also be 
mentioned. 

The nucleoli appearing after prophase are essentially similar to 
those found after the alcohol treatment, and their frequency is in- 
creased in this case too. In the nucleolar cycle from telophase via 
resting stage to prophase no deviations from the normal can be ob- 
served. Here, too, at the end-stages of prophase the nucleoli are either 
very insignificant or have wholly disappeared. At the metaphases, how- 
ever, we can regularly see nucleoli attached to the chromosomes 
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(Fig. 3). Their number is in general 2 — 4. In view of the fact that the 
prophase nucleoli are resorbed in the normal way before the dis- 
appearance of the nuclear-cytoplasmic surface we must consider the 
metaphasic nucleoli as new formations and not as residues of the fore- 
going nucleolar cycle, I have not found in the literature any corres- 
ponding case, but Resende (1938, p. 393) draws attention to its prob- 





Figs. AUinm Cepa, DDT + elbyl 

alcohol treatment. — Fig . 9. A lale 
telophase with exceptionally large 
chromatin eliminatioms. — Fig. 10. The 
false bridges have persisted until the 
formation of the cell-wall Observe the 
asymmetry of the true nucleoli in the 
sister-nuclei, — Fig. 11. The formation 
of Ihe metaphase nucleoli in the chro- 
mosomes, lu ihe chromosome to the 
left the visilile chroniouema is no I 
drawn. To the right, two fibrils are 
diseeniible corresponding to the two 
chromatids. — Fig. 12. Some lagging 
nucleoli and llie coarsened structure of 
the spindle arc visible. — X IHfh). 


ability in one case observed by him. The bulk of the nucleoli increases 
during metaphase and is often rather considerable at anaphase (Figs. 5 
and 7). During metaphase we can frequently see that many of the 
chromosomes are glued to the nucleoli. It may also occur that two 
nucleoli at metaphase fuse to one larger body. They thus connect the 
chromosomes producing the nucleoli with other chromosomes from the 
vicinity. 

In contradiction to the conditions after alcohol treatment the nu- 
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cleoli are not resorbed at anaphase but remain and, in addition to the 
stickiness, cause a more difficult separation of the chromatids (Figs. 6 
and 7). Very frequently during the separation of chromatids the nu- 
cleoli break into many pieces and these fasten at haphazard on the 
chromosomes (Fig. 4). At the end of anaphase, however, the nucleoli 
are released from the chromosomes and small parts of the anaphase 
chromosomes follow them in many cases (Fig. 4, the large nucleolus to 
the left). The loosened nucleoli are resorbed very slowly, lagging at 
telophase (Figs. 8, 9 and 12). Some of the lagging nucleoli can, however, 
become enclosed in the arising sister-nuclei (Fig. 8, the smallest nucleolus 
in the nucleus below). However, that these nucleoli should continue 
their existence and take part in the forming of the normally functioning 
nucleoli is improhahle. At telophase the nucleolar cycle begins anew, 
the nucleoli being formed on particular regions of the chromosomes. 
The symmetry between the nucleoli that have arisen in the sister-nuclei, 
as observed by Heitz (1931 a and b) and others at the normal mitoses, 
has been seriously disturbed (Figs. 8, 10 and 12). This is, however, 
quite intelligible, as the telophasic polarity is disturbed owing to the 
abnormal mitosis. 

It is difficult to see on which chromosomes and in what manner 
the metaphase nucleoli arise, as they are connected with other chromo- 
somes as well as those forming them. Still, in favourable cases we can 
find some elucidating details. 

In the normal mitoses of Allium we usually find two nucleoli which 
arise at the SAT-constrictioiis of the satellited chromosome pair (cf. 
Heitz, 1932, p. 597). We can frequently see, however, three nucleoli 
at the same time. It may thus be assumed that, besides the ordinary 
SAT-constrictions, also other constrictions take part in normal circum- 
stances in the foiTiiing of nucleoli. 

It is impossible to identify the nucleolar chromosomes at meta- 
phase, especially as the disappearing of the matrix substance destroys 
the normal shape of the chromosomes. The number of the metaphase 
nucleoli (from one to five) indicates that the satellited chromosomes 
cannot be the only organizers of the nucleoli. On the contrary, it is 
very possible that the organizers of true nucleoli, the SAT-constrictioas, 
do not at all take part in the forming of the metaphase nucleoli. 

In most cases the metaphase nucleoli arise on the distal ends of the 
chromosomes (Figs. 1, 3 and 11), but occasionally also the intercalary 
location seems to be possible (Fig. 3, the outermost nucleolus to the 
right) . One may often get the impression that the nucleoli arise as 
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terminal knobs on the ends of the chromosomes, as Doutreligne (1933) 
has stated. The favourable figures show, however, that this is not the 
case. The nucleolus has arisen subterminally on a zone intercalary to 
a part of the cliromosome much resembling a satellite (Fig. 11). Ob- 
viously, this small piece is frequently eliminated with the lagging 
nucleoli at aiia-telopliase. The nucleolar substance swells out of its 
proper place of origin, occasionally even filling long gaps between the 
chromatids. 

Ill some cases the nucleoli contain very thin fibrils that give the 
Feulgen reaction. The chromosome to the right in Fig. 11 represents 
a case where these are very clearly visible. It could be observed that 
each chromatid corresponds to two fibrils inside the nucleolar body. 
The existence of the fibril-like structures in the nucleolar regions of the 
chromosomes, i. e. the continuation of the chromonema in the hetero- 
chromatic region also, has been observed in many cases (cf., e. g., 
Kaufmann, 1938). The number of the chromonemata — • two per 
chromatid — corresponds with the oljserva lions of (Jates and Patuak 
(1938) in Crocus, 

As Heitz (1932) has already staled, the distal ends of the somatic 
chromosomes of Allium are heterochromatic. In this investigation the 
same condition has been observed, which seems to occur frequently in 
the chromosomes of several organisms (cf., e, g., Kostoff, 1938 a 
and b), Darlington (1937) has also pointed out that the distal ends of 
the chromosomes have a tendency to become heterochromatic and inert, 
i. e. the telomeres assume a deviating character from the other parts of 
the chromosomes. The origin of ilie meiapliasc nucleoli may thus be 
connected with the heterochromatic telomere parts of the chromosomes. 

After DDT + alcohol Ireatment certain changes in the spindle 
structure have been quite frequently observed. In Ihe slides stained 
with iodine-gentian-violet a very distinctly stained spindle can lie seen 
(Fig. 12). With Feulgen staining the structure becomes invisible. 


2. TRIGONELLA FOENUM GRAECUM* 

Ethyl alcohol. — Here we have the same alcohol concentrations 
as with Alliiun. The investigated mitoses are rather normal. It has 
been impossible to measure the length of the chromosomes, and hence 
any c-mitotic chromosome contraction that may occur cannot he ob- 
served. The formation of metaphase plates is regular. The metaphase 
chromosomes are to a certain extent more swollen than the normal ones, 
indicating the presence of nucleolar substance on their surface. Any 
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stickiness, however, does not occur at anaphase, which is regular. The 
spindle structure is a little more distinct than normally. 

The DDT substance -f- ethyl alcohol, — The same series as with 
Allium have been used excluding, however, the lowest alcohol concen- 
trations, 3,3 and 6,7 wol.%. No true c-mitotic effects can be observed, 
the chromosome orientation being quite regular. Especially at meta- 
phase in the slides stained with iodine-gentiaii-violet the chromosomes 
are, however, swollen and glued together in such a way that the 
individual chromosomes cannot be distinguished (Fig. 13). The corres- 
ponding effect has been observed by Ostergren (1944 b) in Allinm 


Figs. hS — 17. Trigonella foenitm graec- 
iim. DDT + ethyl' alcohol treatment. 

— Fig. 13, A metaphase side view and 
the coarsened spindle structure. Nu- 
cleolar substance covers the whole 
chromosome .set. — F'ig. 14. An ana- 
phase with false bridges. Nucleolar 
substance surrounds the chromo- 
somes. — Fig. 15. A metaphase .side 
view. Nucleolar substance and chro- 
mosomes are separately visible, — 

Fig. 16. An anaphase. The stickiness 
of the chromosomes and two rather 
large nietapliase nucleoli are to be 
seen. — Fig. 17. A late telophase. 

Metaphase nucleoli have disappeared. 

Two true nucleoli have arisen. — 
hbgs. 13 and 14 are stained with 
iodine-gentian-violet, Figs, 15 — 17 

with Feulgen -H gentian-violet diff- 
erential stain. — X 1850. 

treated with ethylene glycol. During anaphase the same phenomenon 
continues, though it is not so conspicuous as at metaphase. Further, 
at anaphase we can very frequently see stickiness with many false 
bridges (Fig. 14). The metaphase nucleoli seem, however, to be lacking. 

Only the differential staining Feulgen and gentian-violet revealed 
that the same conditions as were found in Allium are also present in 
Trigonella. It appeared that the swelling and agglutination of the 
metaphase chromosomes are caused by a nucleolar substance which 
covers the metaphase chromosomes (Fig. 15). The picture is reminiscent 
of the cases mentioned by MgClintock (1934) at the meiosis in Zea 
where the nucleoli arise without nucleolar organizers. As the nucleolar 
cycle of the ordinary nucleoli of the treated Trigonella normally begins 
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from telophase via the resling stage to the end of prophase, we must 
regard the melaphasic aggregation of nucleolar substance as corres- 
ponding to the metaphase nucleoli in Allium. 

At the anaphase of Trigonella no lagging nucleoli as in Allitiin can 
be observed. On the contrary, during the anaphase separation the 
nucleolar substance remains fixed upon the surface of the chromosomes 
(Fig. 14), disappearing at the same time rapidly. In Fig. 16 we see an 
anaphase where, of the nucleolar substance, there remain two larger 
bodies in addition to thin layers on the chromosomes which have been 
impossible to reproduce on the drawing. During telophase as a rule 
the nucleolar substance is wholly resorbed. An, attraction between the 
chromatids and nucleolar substance seems to be so much greater in 
Trigonella than in Allium that separate rounded nucleolar bodies 
cannot arise. 

At telophase the normal nucleolar cycle begins anew. The nu- 
cleolar substance has arisen at two points (Fig. 17), which probably 
correspond to the satellite chromosome pair of Trigonella. In general 
the two nucleoli fuse very soon together to one larger mass. 

For examination of the amount of the matrix substance Trigonella 
is not a suitable object owing to the small size of the chromosomes. 
Using the Feulgen stain it has, however, in many cases been possible 
to observe the chromomeric structure of the chromosomes after DDT + 
H- alcohol treatment. Without treatment this was impossible. This 
indicates clearly the corresponding disappearance of matrix substance 
as in Allium. 

In the Trigonella material stained with gentian-violet the thickening 
of the spindle fibres is somewhat more common and distinct than in 
Alliiun. The metaphase represented in Fig. 13 reveals the spindle struc- 
ture very clearly. 

a. SUMMARY OF THE OBSERVATIONS. 

Table 1 gives a summarized account of the frequency and intensity 
of the different effects both in Allium and in Trigonella. The frequency 
has been represented by means of asterisks, three asterisks signifying 
regularly, two asterisks frequently and one asterisk rather rarely. The 
different degrees of the intensity are marked with three, two or one 
cross. In the alcohol and the DDT + alcohol series only the highest 
alcohol concentrations, i. e. 10 and 13,3 vol. %, have been compared. 

The table shows that treatment with pure ethyl alcohol has almost 
exactly the same effects as that with DDT and ethyl alcohol together. 
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TABLE 1. The different effects of ethyl alcohol and DDT upon the 

initosis. 



Allium Cepa 

Trigonella foemim 
graccum 

Effect 
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DDT 

Ethyl 

alcohol 

DDT -1- 
ethyl 
alcohol 
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+ + 

+ + 

++ 

? ? 

C-mitosis 
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+ “h 

— 

Disappearing of the matrix 





substance 

— 

+ + 

+ + + 

-(?) + + 

Sticky phenomenon at ana- 
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Occurrence of metaphase 
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nucleoli 






Occurrence of nuclcolarbo- 


I++ 
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dies at anaphase 
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Lagging nucleolar bodies 





at telophase 

1 — 

— 

'■k 

— 

Thickening of the spindle 





structure ... ' 

' - 

1 — 


4'- -jr 53: 


The DDT substance together with ethyl alcohol causes, however, a very 
clear increase in the frequency and intensity of these effects. 

Both in Alliam and in Trigonella a significant difference between 
the nucleolar substance at metaphase and the normal true nucleoli can 
be observed. The true nucleoli are always clearly vacuolized. In the 
metaphasic nucleolar bodies, on the contrary, vacuoles have never been 
observed but these bodies remain entirely homogeneous. 

4. THE SUBSEQUENT EFFECTS OF THE DDT + ETHYL ALCOHOL 

TREATMENT* 

In order to examine the subsequent effects of the treatment with 
DDT ethyl alcohol some onions were placed in pure tap-water after 
a three-days’ treatment. Fixations were made after one and two days. 

Slides from the two fixations show the metaphasic disturbances to 
continue similarly to those found during the treatment. The true c- 
mitotic disturbances have diminished, i. e. the formation of metaphase 
figures is quite regular. Metaphase nucleoli, however, arise as intensively 
as earlier. There is now less stickiness and the amount of matrix sub- 
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stance is more normal. In llie new root-tips developed in water the div- 
isions occur normally. 

IV. DISCUSSION* 

Of the effects produced by DDT, ethyl alcohol and, above all, these 
two substances in combination, we would draw attention especially to 
three, viz. Ihe lack of matrix substance or kalymma, the stickiness of 
the chromosomes and the arising of nucleolar substance at metaphase. 
All these phenomena are known to the cytological literature but, as 
simullaneous phenomena, they have not been observed earlier. It is, 
therefore, interesting to examine whether these different effects, which 
the investigations of the last few years have elucidated more erfeclively, 
have any causal connection with one another. 

It is clear that a very significant cause of the abnormalities men- 
tioned is the specific effect of the chemical compounds used. We know 
even a great group of c-mitotic active substances that are not able to 
effect the phenomena in question. Some preliminary experiments made 
with Kniphofia aloides have, however, demonstrated that the same con- 
centrations of ethyl alcohol and DDT as used in Allium and Trigonella 
have no effect. At the same time the c-mitotic diisturbaiices are very 
weak. According to these observations, we have reason to suppose 
that there also exist other factors which co-operate with the specific 
chemical effect. 

References to the occurrence of nucleoli at the mitotic division 
stages after propliase are rather common in the literature. In this 
connection mention may he made of VAN Camp (1924), Yamaha and 
SiNOTO (1925), ZiRKLE (1928), Dermen (1983), Sato (1936), Resende 
(1937), Ramanujam (1938) and Hakansson and Levan (1942). Corres- 
ponding meiotic nucleoli have been observed by, e. g., Dehmen (1933) 
and Frankel (1937). The occurrence of the nucleoli has, however, 
been described as a more or less sporadic phenomenon. In some cases, 
as for instance according to Levan (HAkansson and Levan, 1. c., p. 439) 
in Leguminosae plants, it can be very common. Ramanujam (1. c.) has 
noticed the phenomenon quite regularly at mitoses of Orijza. Some of 
these observers state that the nucleoli persist from the foregoing pro- 
phase. Resende (1938) only reports the possibility that in the case 
published by him (1937 ) it might be a question of a new nucleolus. The 
regularity and the precocity in the occurrence of the metaphase nucleoli 
were thus previously unknown phenomena. 

On account of the classical investigations of Heitz (1931 a and b) 
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it has become clear that the normal nucleoli are formed by definite 
parts of the chromosomes, i. e. the SAT-constrictions. This fact has 
been verified so often that in spite of some contradictory observations 
(e. g., Dermen, 1933; Doutreligne, 1933) it cannot be questioned. 
The investigations of McGlintock (1934) have to a great extent 
elucidated the function of these nucleolar regions. Above all it has 
been made clear that the activity of the nucleolar regions is genically 
controlled. Resende (1938) has criticized the interpretations of 
McGlintock, and he ignores the nucleolar-substance-producing function 
of the nucleolar regions. He thinks these to be nucleolar-substance- 
collecting organs in which the true nucleolus arises from material called 
by him pre-nucleolar substance. The occurrence of this depends on the 
existence of heterochromatin in the cell. 

Heitz (1931 a), by establishing the lack of nucleic acid in the 
nucleolar region and naming them SAT- (Sine Acido Thyinonucleinico-) 
constrictions, has really verified the heterochromacity of them. Since 
then the relation between heterochromatin and nucleoli has been still 
more clearly expressed (cf. Serra, 1942; Huskins, 1942; Straub, 1943). 
Gytology has at last escaped the obscurity and the speculations (cf. 
Dermen’s review, 1933, on the subject) which have dominated the 
question of the function of nucleolus. Especially the investigations of 
Gaspersson (1940, and later with collaborators) have made it possible 
to establish a hypothesis on the probable mode of function of the 
nucleolus. 

Darlington and La Gour’s (1938, 1940) observations on the so- 
called » differential segments » have shed new light on the problem of 
heterochromatin. According to them, these are heterochromatic regions 
which do not become visible at normal metaphases but after cold treat- 
ment can be seen as unstained zones in several parts of the chromo- 
somes. This so-called negative heterochromacy (Klingstedt, 1941) is 
caused by a certain » starvation)) of nucleic acid of the heterochromatin. 
The other investigators have also observed a similar »allocycly» of 
heterochromatin in plants (Geitler, 1940 a; Tsghermak, 1943) as well 
as in animals (Klingstedt, 1941; Wigkbom, 1945). The proximate 
cause of allocycly in the case represented by Klingstedt was the hy- 
bridity of the animals. 

It is, however, as yet unexplained what the relation is, on one 
hand, between the above mentioned differential segments and the 
nucleolar regions and, on the other hand, between the last-mentioned 
and the non-SAT-constrictions (Resende, 1938) which take no part in 
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the formation of the nucleoli. Levan (1942) thinks that secondary con- 
strictions in the haploid rye observed by him correspond to the differ- 
ential segments. Klingstedt (1941) has in an interesting way dealt 
with this question. As a difference between eiichromatin and hetero- 
chroniatin he mentions llie timing difference shown by the nucleic-acid 
cycle of the two substances. The nucleic acid of euchromatin disappears 
after telophase, becoming again distinctly visible at next prophase. In 
this way the nucleic-acid cycle of heterochromatin is behind — or 
perhaps rather before — the cycle of euchromatin. The disappearance 
of the nucleic acid occurs so near the beginning of the new synthesis 
of nucleic acid that the achromatic phase practically does not exist. 
External agents, e. g. low temperature, can cause a delay in the syntliesis 
of new nucleic acid and thus affect the visibility of the differential 
segments at this period. Klingstedt (1. c., p. 173) mentions that great 
similarity to the nucleolar regions, and says: »()ne may perhaps 
tentatively suggest that the nucleolus organizer is a special kind of 
heterochromite, the productive activity of which is postponed' until telo- 
phase and consists in a condensation of chromosome products so much 
changed as not to show the staining reactions of thymonucleic acid 
any more». 

Darlington (1941) has observed, in some Paris species, the 
occurrence of differential segments to he genically controlled. In some 
cases such conditions exist that allocycly cannot appear simullaneously 
with the nucleolar regions. He mentions, it is true, also the exislence 
of both phenomena at the same time. GeitlEr (1940 a), Tsghermak 
(1943) and Wickbom (1945) have also observed the same case in several 
organisms. 

Though it is clear that heterochromatin forms a very heterogeneous 
group of substances, it seems obvious that me can find several fimctioiud 
similarities between nucleolar regions {— SAT-constrictions), non-SAT- 
constrictions and differential segments. They are all hcterochromites, 
the nucleic-acid cycle of each being specially differenliated. The 
capability to form nucleoli may also be similar. If we want to widen 
the above-mentioned hypothesis of Klingstedt we must draw out the 
conclusion that the nucleolar regions and non-SAT-constrictions are 
heterochromites having an allocycly that is permanently changed. The 
nucleolar regions are differentiated as places where the true nucleoli 
as a rule arise. The non-SAT-constrictions may also be able to form 
nucleoli. That this may often occur can be seen from the fact that 
the number of nucleoli is greater than that of SAT-constrictions (cf. 
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Dermen, 1933). Differential segments, on the contrary, cannot as a 
rule be distinguished owing to failure of the necessary intervening time 
in their nucleic-acid cycle. Their heterochromatin is, however, as usual 
(cf. Serra, 1942) very sensitive to changes of the external and internal 
factors. In this case the sensibility may be even greater than usual. 
The cold treatment (Darlington and La Cour, 1940; Geitler, 1940 a) 
or the unbalanced genotype due to hybridisation (Klingstedt, 1941) 
can, for instance, cause the arising of differential segments. 

It is probable that there are many other modifying factors the 
character of which is as yet unknown. It has, for instance, been im- 
possible to distinguish between non-SAT-constrictions and differential 
segments in the investigations on the chromosome morphology. This is 
confirmed by the observations of the variation of secondary constrictions 
during the various stages of mitosis. Svardson (1945) has observed 
that in several Salmo species the number of constrictions is gi'eatest at 
prophase and after that rapidly diminishes so that the constrictions are 
no longer visible and stain normally. This supports, as Svardson (h c., 
p. 36) has also suggested, the above mentioned hypothesis of Klingstedt 
concerning the character of allocycly. The morphological characters 
of constrictions can vary even during the same mitosis (Callan, 1942; 
cited after Svardson, 1945). 

It has not been possible to find in the literature observations on 
tlie capability of differential segments to take part in the formation of 
nucleoli. It seems, however, very probable that many, possibly all, 
heterochromites contain, at least as potential, the capability to give rise 
to nucleolar substance. It would, therefore, be difficult to assume that 
the differential segment would make an exception. 

References to chromosome bridges at anaphase not caused by 
dicentric chromatids (Darlington, 1937) can be found quite frequently 
(see literature in Tisghler, 1942, and Darlington and Upgott, 1941). 
These bridges, which seem to be caused by the sticking together of 
parts of chromatids, have been named pseudo-pontes by Resende 
(1941), who suggested their cause to be chromatic agglutination. The 
best known term is, however, sticky phenomenon. 

As the cause of stickiness Beadle (1932, 1937) mentions a special 
gene {st) in Zea, Klingstedt (1939) the hybridisation in grasshoppers, 
Svardson (1945) the same cause in Salmonids and Love (1944) in 
Rumex. Among the chemical agents Witkus and Berger (1944) mention 
veratrine, Ostergren (1944 b) ethylene glycol, and Levan (1945) 
several inorganic salts. As other factors White (1937) has observed 

u 


irevediias XKXUI. 



210 


ANTERO V A ARAM A 


the X-ray radiation in grasshoppers and Resende (1941) in an Aloe 
hybrid, CouTiNHO (1940; cited after Resende, 1941) a virus in Vida 
faba. No external faclors at all seem, according to Resende (1. c.), to 
be implicated in the sLicky phenomenon in Aloe mUrifornm var. 
ComnieUmi, 

A statomciit of spetdal interest is that of Dahlington and La (k)UR 
(1940) concerning the coincidence of sticky phenonienon wilh dilf- 
ereiitial segments. Geitler (1940 b), (vALLAN (1942) and WiGKBOM 
(1945) comment on a similar tendency in their objects. The stickiness 
of the chromosomes may, therefore, in these cases be considered as 
caused by changes in the heterochromatin. Klingstedt (1939) has ex- 
plained the phenomenon as caused by a delay in the lapsing of the 
attraction of the sister-chromatids as compared with the onset of the 
anaphase movement. This is in accordance with the interpretation of 
Darlington and La Gour (1940) that the sticking tendency of the 
differential segments is due to a hindrance in the development of genes 
caused by nucleic acid starvation. The imreduplicated chromatids are, 
as a consequence, not able to separate. Later, however, Darlington 
and Upcott (1941) have advanced another interpretation, viz. tliat the 
stickiness is due to the reunion of chromatids broken at earlier stages 
owing to cold treatment. 

If against this background we consider the disturbances caused by 
ethyl alcohol and DDT + ethyl alcohol, we can observe that they are 
confined to metaphase. The other division stages including tlie resting 
stages are quite normal. As was stated earlier, the met-anaphasic ab- 
normalities ai’e: the appearance of metaphase nucleoli, the sticky 
phenomenon, the lack of matrix substance, and the spindle apparalus 
disturbance characteristic of c-mitosis. Among tliese partial effects the 
formation of metaphase nucleoli and sticky plienouieiion has lieen 
suggested to be connected wilh the function of heterocliromatin. The 
harmony in the collaboration of spindle apparatus and centromeres has 
a great significance for the continuance of the timing biilance of 
mitosis. Darlington (1937, p. 547) has expres.sod thi.s llui.s: »The 
formation of the spindle and the siicce.ssful orientation and division of 
the chromosomes therefore depend on a balance in the strength and 
timing of the cycles and repulsion of the centromeres and contro.somcs». 
The disturbances in the normal timing relationships between .several 
stages of division are very significant causes of division abnormalities. 
Klingstedt (1939, p. 411) emphasizes the importance of them in his 
statement concerning Darlington’s precocity theory: »Withovit going 
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into the discussion which is still going on about the precocity' theory as 
such, I would call attention to the general type of interpretation of 
which the precocity theory is a special case: I mean changes in the 
timing relationships of events, which play an important part in 
Darlington’s theories and will no doubt prove a valuable method of 
interpretation in biology ». 

When we examine the metaphasic abnormalities in Allium and 
Trigonella it is not possible to escape the impression that the disturb- 
ances just in the timing relationships are one of the most significant 
causes of them. The abnormalities are strikingly reminiscent of con- 
ditions which, normally, are peculiar to telophase and resting stage. 

The diminishing of matrix substance is a process normally be- 
ginning at telophase and attaining its maximum at resting stage. In 
Allium, on which the most careful observations were possible, the lack 
of matrix substance already begins at prophase. At metaphase the 
chromosomes have the same external structure as at the end stages of 
telophase or resting stage, excluding the persisting spiral. Using the 
Feulgen gentian-violet differential staining it is possible, just as at 
stage, to distinguish in the metaphase chromosomes the hetero- 
^^ot as dark stained segments from the eu chromatic parts. The 

uions of Kostoff (1938) on the metaphasic heterochromites in 
Ct^,;^s^capiUaris and Triticiim monococciim are very similar. There is 
no allocycly of heterochromatin here. The clearness of the spiral 
structure is exclusively due to the absence of the matrix that usually 
covers it. It cannot be analogous to the straightening of the chroino- 
nema spiral on treatment with several chemical agents, because the 
extra chromosome contraction exists simultaneously. The chromo- 
somes of Trigonella have not been so successful objects for correspond- 
ing observations, but, nevertheless, it may be assumed that the same 
conditions prevail. 

The formation of nucleoli is also a phenomenon normally occurring 
at telophase. It seems that in Allium as well as in a corresponding way 
in Trigonella the true nucleolar regions do not take any part in the 
forming of the metaphase nucleoli. These do not begin formal function 
until at telophase. It is clear that the beterochromatic segments of 
Alliiini, especially in the telomeric parts, begin to form nucleolar sub- 
stance exceptionally and at exceptional time. That supports the earlier 
suggestion that not only the SAT-constrictions but also the many other 
heterochromites have a potential and in definite cases manifested 
capability to form nucleolar substance. A peculiar feature in this case 
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is the precocity of this inRiiifestatioii compared with the normal 
nucleolar cycle. 

Tlie conditions observed in Trigonella deviate from those in Allium, 
the nucleolar substance not being formed as different bodies but entirely 
surrounding the ineiaphasic chromosome set. This is reminiscent of 
the meiosis of Zea described by McClintock (1934), where the nucleolus 
has arisen without any special nucleolar regions. On tliis ground one 
might conclude that Trigonella, except SAT-constrictions inactive at 
this stage, has no differentiated heterochromites, as Allhiin, capable of 
forming nucleoli at nietaphase» The nucleolar substance might thus 
arise along the surface of the chromosomes. Dermen (1933) considers 
this mode of developing as normal. Another and, as I think, a more 
possible alternative is that the nucleolus-forming capacity of Trigonella 
is relatively greater than that of Allium (the normal nucleolus — nucleus 
ratio is in Trigonella greater than in Allium). The substance formed 
on the heterochromites, therefore, quickly fills the spaces between the 
small chromosomes. 

Metaphase nucleoli disappear before telophase in the two examined 
species. In Allium these often lag a long time, in Trigonella they are 
quickly dissolved in the cytoplasm. In both cases the nucleoli are nges 
able to function further. As earlier mentioned, the metaphase nucle(>ii 
are never vacuolized. Dermen (1933) has especially pointed out 
the significance of vacuolization as a criterion of functioning nucleolus. 
Because the nucleolar regioms at telophase begin to form new, function- 
ing nucleoli it has been suggested that the metaphase nucleoli are not 
true nucleoli. They are built up from a substance which probably 
would be identified with matter called by Heitz (1931 a) n-substance 
and by Resende (1938) pre-niicleolar substance. This is raw material 
from which only the SAT-constrictions are able to form true nucleoli. 
Heterochromites accidentally producing pre-iuicleolar siibslance have 
no such capability. It is important, however, to pay attention to the 
wholly different environment in which the metaphase nucleoli and true 
nucleoli have arisen. It seems conceivable that the arising of true nu- 
cleoli presupposes a phase in u)]iich the nuclear sap surrounds the SAT- 
constrictions. 

The cause of the sticky phenomenon, the strong attraction of the 
distal heterochromites, indicates conditions prevailing at telophase and 
above all at the resting stage. As Klingstedt (1941) has remarked, at 
the stages mentioned above heterochromites have a tendency to fuse 
and form bodies resembling nucleoli. For this reason it has been 
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suggested that the sticky phenomenon is caused by precocity in the 
development of the heterochromites. These have fused similarly as at 
resting stage, and we can show that the cause of attraction is the purely 
mechanical agglutination, as Resende (1941) also has pointed out. The 
interpretation given by Darlington and La Gour (1940) that the du- 
plication of the chromonema is hindered by the lack of nucleic acid 
cannot be valid here because no starvation of nucleic acid has been 
observed. The later interpretation of Darlington and Upcott (1941) 
also seems to be inappropriate, for it is difficult to assume a necessary 
number of chromatid breaks at earlier stages. 

The synchronous disturbance of timing relationships at many stages 
of chromosome division is the chief results of the treatment described 
above. Abnormalities occur in the euchromatic as well as in the hetero- 
chromatic parts of the chromosomes. Metaphase chromosomes are 
actually under development at a stage corresponding to the telophase 
and resting stage. As a real cause of the disturbance of timing relation- 
ships we must no doubt consider the c-mitotic disturbance of the spindle 
apparatus. The chromosomes are in such a condition that the hetero- 
chromatic segments, but not the SAT-constrictions, begin to produce 
nucleolar substance. The substance formed constitutes the raw material 
of true nucleoli, so-called pre-nucleolar substance, and is later elimin- 
ated. The beginning of true nucleolus development presupposes that 
the SAT-constrictions are surrounded by nuclear sap. As a direct result 
of the precocity there also arises the sticky phenomenon with false 
bridges, although undoubtedly the agglutination of matrix caused by 
the used chemicals is also a very important factor. 

Owing to the fact that the stickiness and simultaneously occurring 
metaphase nucleoli prevent the anaphase separation there are frequent 
breaks of the chromatids. It has been possible to observe this direc'tly 
at anaphase of Allium, Especially the parts of chromatids fused with 
nucleoli are liable to become entirely eliminated. Since the poison 
effect of DDT + ethyl alcohol is relatively weak, the question should 
be investigated whether the effects at meiosis correspond to those ob- 
served at mitosis. Beadle (1932, 1937) has observed a strong increase 
of the mutation rate in the progeny of maize plants affected by stickiness 
of the chromosomes. 

It is an interesting feature, though not one that is possible to explain 
without further investigation, that the ethyl alcohol strengthens the 
effects of DDT. Are the described abnormalities the result of the 
co-action of the two chemical compounds? It seems, however, im- 
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probable that both these substances could have a similar specific effect. 
It is rather possible that only ethyl alcohol is likely to possess the 
property in question, DDT playing no direct part. Experiments with 
ethyl alcohol in combination with several other c-mitotically active sub*- 
stances could probably shed light on this problem. 


In this connection I wish to extend my sincere gratitude to the 
Director of the State Horticultural Institute (Piikkio, Finland), Prof. 
Dr. O. Meurman, for help and valuable criticism during my work in his 
institute. I am also very grateful to Mag. phil. Eeva Suomalainen for 
her appreciated assistance. I am greatly indebted to Dr. A. Levan for 
valuable advice and fertile discussions during iny stay at the Cyto- 
genetic Laboratory of Svalof Plant-Breeding Institute in the summer of 
1945 and for all the ready help later given in the course of my work. 
1 also thank Dr. G. Ostergi^en, who lias read the manuscript and made 
valuable suggestions. In addition I wish to thank the Chemist of the 
Finnish Alcohol Monopoly, Dr. T. Voitila, for the DDT substance 
kindly produced by him and Dr. V, Kanervo for supplying me with 
the literature concerning DDT. 

SUMMARY* 

(1) An investigation is submitted of the effects of treating the root- 
lips of Allium Cepa and Trigonella foeniim grneciim with DDT in- 
secticide (dichloro-diplienyl trichloro-methylmethane), ethyl alcohol 
and DDT + ethyl alcohol. 

(2) The com])ined Feulgen and iodiue-gentian-violet differential 
stain was used to distinguish nucleolus and chromatin. In objects 
treated with ethyl alcohol and DDT + (dhyl alcohol this gave a satis- 
factory result. 

(3) Pure DDT substance (saturated tap-water solutions) was o])- 
served to have a weak c-mitotic effect. The extra contraction of inet- 
anaphasic chromosomes was measured. 

(4) In Allium Cepa treatment with pure ethyl alcohol (3,3 — 13,3 
vol. % tap-water solutions) caused, besides the extra chromosome con- 
traction, the effects characteristic of partial c-mitosis. It was observed 
that, in the heterocliromatic telomere parts, metaphase chromosomes 
produce nucleolar bodies which are dissolved in the plasm during ana- 
phase. The matrix around the chromonemata is weakly developed. 
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The structure of the chromonema is quite clearly visible. At anaphase 
the sticky phenomenon can be seen, i. e. the tendency of the distal ends 
of chromosomes to fuse and thus form false bridges. 

The proper nucleolar regions of the chromosomes, SAT-con- 
strictioiis, do not take part in the formation of metaphase nucleoli but 
function normally. Hence the cycle of the true nucleoli is regular. The 
metaphase nucleoli are not residues of prophasic true nucleoli but are 
new formations that have arisen after prophase. 

In Trigonella a small amount of nucleolar substance is produced on 
the surface of the chromosomes by treatment with ethyl alcohol Sticky 
phenomenon does not occur. Metaphase figures are normal. 

(5) Using DDT + ethyl alcohol (saturated DDT solution “h 3,3 — 
13,3 voL% ethyl alcohol), the same effects as with ethyl alcohol series 
become visible, though they are more powerful and frequent. 

In Allium, besides the above mentioned c-mitotic chromosome con- 
traction, multipolar spindles and in some cases polyploid cells also 
occur. Metaphase nucleoli are not wholly resorbed in the plasm but 
remain as laggards between the sister-nuclei. Chromatid breaks and 
small chromatin eliminations also take place owing to the stickiness 
and the hindering effect of the lagging nucleoli on the anaphase 
separation. 

In Trigonella the metaphasic nucleolar substance entirely covers 
the chromosomes. This substance coating the chromosomes does not 
give rise to lagging nucleolar bodies. The substance disappeared before 
the beginning of telophase. Sticky phenomenon is intensive. Metaphase 
orientation seems to be regular. 

(6) When the onions treated with DDT + ethyl alcohol are trans- 
ferred to pure tap-water, even after two days the same mitotic ab- 
normalities as in root-tips fixed at the DDT + alcohol treatment can 
be observed. 

(7) The current literature concerning the development of the above- 
mentioned mitosis abnormalities has been studied. The conclusion can 
be drawn that functional similarities can be found between the SAT- 
constrictions, non-SAT-constrictions and the heterochromatic regions 
of chromosomes called differential segments. These heterochromites 
have, if not manifestly yet at all events potentially, the capability of 
forming nucleolar substance. 

(8) It is suggested that, besides the specific effect of ethyl alcohol 
and DDT, the disturbance of timing relationships between the different 
stages of the mitotic chromosome cycle is one of the most important 
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causes of the described mitotic abnormalities. The disturbance is 
caused by the c-milotic narcosis of the spindle apparatus and the con- 
sequently retarded division. Euchromatic as well as lieterochroniatic 
parts of chromosomes are at jnelaphase already in a developing phase 
corresponding to telopliase and resting stage. In normal conditions the 
disturbances or the direct consequences of them are characteristic 
phenomena of the above-mentioned stages. 

(9) It has also been suggested that the metaphase nucleoli cousisl 
of pre-nucleolar substance, i, e. of the raw material of true nucleoli, and 
are not, Iherefore, able to function. In the author’s opinion the true 
nucleoli cannot as a rule arise elsewhere than in connection with 
SAT-constrictions when these are surrounded by nuclear sap. The true 
nucleoli cannot here be formed from this pre-nucleolar substance 
which is thus excluded from the normal nucleolar cycle. 
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INVESTIGATIONS ON C-MITOSIS IN 
ALLIUM CEPA 

BY NILS NYBOM and BERTH KNUTSSON 

INSTITUTE OF GENETICS, LUND, SWEDEN 


1. THE CYTOLOGICAL EFFECT OF HEXACHLORO- 
CYCLOHEXANE. 

S INCE the discovery of the well-known cytological effect of col- 
chicine many other organic compounds have been shown to have 
the same effect on mitosis. Among other investigators, Levan and 
OsTERGREN (l943) and Ostergren and Levan (1943) found c-mitotical 
activity in about 30 substances, and in 1944 Ostergren tested about 50 
other substances, most of which proved to possess the same properties. 
The works of Levan and Ostergren also led to the discovery of the 
principle that the activity of many c-initotic agents is conditioned not so 
much by their chemical properties as especially by their physical ones, 
and this in turn caused them to propound their theory of the narcotic 
nature of the c-mitosis. 

It seemed interesting to us to study the ability of the well-known 
insecticide hexachlorocyclohexane to induce c-mitosis. Four different 
isomers of the substance are known, and they are all well separated as 
regards both their physical propeiiies and their insecticidal effects 
(cf. Slade, 1945 a and b). Three pure isomers have been available to 
us, viz. the a-, /L and r-isomers, as also the crude product The 

composition of »()6(b> is as follows: a-isomer 10 — 12 /^-isomer 70 

y-isomer 5 d-isomer 10 %, together with sonic chlorinated com- 
pounds of an unknown nature. 

The investigations have been carried out at the Cyto-gometic 
Laboratory, Svalof, and at the Institute of Genetics, Lund. Our thanks 
are due to the Chief of the former Institute, Dr, A. Levan, as also to 
Dr. G. Ostergren, Lund, for their valuable advice and for discussing 
llie problems. We are also very much indebted to A.-B. Pharmacia 
(Mr. E. Askelof), Stockholm, and A.-B. Astra (Dr. S. Wiedling), 
Sodertalje, for their ready courtesy in providing us with the substances 
needed. 
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1. METHODS. 

In the main the methods used were the same as those employed 
earlier by Levan and Ostergren (1943). To get exact concentrations 
of the substances we first made concentrated alcohol solutions, which 
were then diluted with water (tap-water). The strongest concentration 
of all isomers made in this way contained O,07 % ethyl alcohol, which, 
however, could hardly have had any effect of interest in our case. As 
material for the treatments we used bulbs of Allium Cepa, the roots of 
which were immersed in the various solutions. The root tips were fixed 
in Navashin and, after embedding, cut into longitudinal sections and 
stained with crystal violet. 


2. DESCRIPTION OF THE RESULTS. 

At the study of the cytological effects there appeared some very 
interesting differences between the isomers. The results of the treat- 
ments are collected in Table 1, Beginning with the c-mitosis, the most 
insecticidal y-isomer proved to be able to induce complete c-mitosis in 
concentrations of 0 , 000 -oi mol/litre And more. In 0, 000-005 mol/litre there 
occurred multipolar anaphases indicating spindle disturbances, partial 
c-mitosis. The complete c-mitosis was quite typical and agreed with that 
described, e. g., by Levan (1938). On the other hand, we never ob- 
served any tendencies to such a distribution of the chromosomes as is 
obtained after treatment Avith methylnaphthoquinone. 

The next most insecticidal a-isomer also brought about spindle 
disturbances, partial c-mitosis, but was unable to induce complete c- 
mitosis even in saturated solutions. The c-initotical efficiency of this 
isomer was thus much weaker than that of the y-isomer. 

Concerning the third, the least insecticidal /?-isomer, it proved to be 
quite without any c-mitotical activity, even saturated solutions being 
unable to produce any disturbances. 

The mixture of the various isomers, »666», induced complete c- 
mitosis, probably owing to its content of y-isomer, an assumption 
supported by the situation of the threshold value. The (5-isomer, not 
tested by us, may have had some effect as well. 

In tests on the ability of the saturated solutions to induce c-tumours 
the y-isomer was also found to differ from the other isomers, being 
alone able to produce this effect. 

No poison effect was obtained in any solutions after 24 hours’ 
treatment, but after 48 hours the roots were quite slack and obviously 
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TABLE 1. The various properties of the isomers of liexachlorocgclo- 
liexane and the crude product )>666». 


+ — pre.sence and — ~ absence ot‘ Ihc effect in question. 


Substaii CCS; 

Lfie effects: " 

7 

a 

ti 


0,noQM 

+ 

i 



+ 

C-mitosis 0, 000 * 0.1 

+ 

4: 

__ 

+ 

0, 000*02 

+ 

zb 

__ 


after 4 hours 0,ooo*oi 

+ 


— 

_ 

0,oo()*oor» 


— 

— 

— 

Gone, in 0, 000*002 



— 

— 

mol/litre 0, 000*001 

— 

— 

— 


G-tiimours after 24 hours 
Saturated solutions 

+ 

— 


+ 

Poison effect 





(death of roots) 

Saturated solutions 

After 24 hours 



i 

1 


After 48 — 200 hours 

— 

— 


4- 

Rel, insecticidity 
Meligethes (frequency of 
dead beetles in % of that 
of the y -isomer) 

100 

94,,^ 

70,7 

87,9 

Rel. insecticidity 
Colaiidria (after Slade, 
low value ~ high insect.) 

1 

900 

inactive 


Melting point 





(after Slade) 


158° 

809° 


Water solubility 

lOO- 

50-- 

20-- 

100- 

in 10‘ inol/litre 

™20() 

-100 

-50 

—200 


dead hi saturated solution of »6(56». The y-isomer, although very 
poisonous to insects, showed no signs of such toxic effects as killing of 
the roots even after long and repeated treatments with saturated 
solutions. 

To get acquainted with the insecticidal effects of the various isomers 
of hexachlorocyclohexane we performed some experiments to this end, 
using the same concentrations of the isomers as used for the c-mitotical 
treatments. 
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Turnip blossom beetles (Meligethes aeneus F.) were put into covered 
Petri dishes at the bottoms of which there were filter papers moistened 
with 1 c. c. of the solutions. After three hours the beetles were counted, 
and the percentage of dead beetles was determined. These values are 
represented in Diagram 1. In the main our results coincide with earlier 
results of other authors. The y-isomer proved to be the most insecticidal 
one, a- the next, and finally the /5-isomer the least insecticidal one. 
The effect of »666» was intermediate. 




100 50 20 10 5 2 1 

ConceiitiTitions in 10"” mol/litre 

Diagram 1. The insecticidal effects of the yarious isomers of hexachlorocyclohexane 
and the crude product »666». Concerning data, see text. 


3. DISCUSSION. 

Insecticides may perform their action in three ways, viz. as contact 
agents, as fumigants, or as stomach poisons. Lauger, Martin and 
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Muller (1944) consider lipoid solubility to be condition, al upon the 
action as contact agent. The cuticle of the insects, among other things, 
contains lipoids by wliich llie contact agent is supposed to penetrate. 
A fumigant insecticide must be volatile, and the physical properties of 
the stomach poisons, finally, may be widely varying. 

While certain insecticides, as e. g. the well-known DDT, have a 
specific contact activity, »gammexaiie» (the y-isoiner of hexachloro- 
cyclohexane) by Slade (1945) is said to be active in all the three ways. 
Judging frr)ni the investigations of Sylven (1947), its action as a 
fumigant seems to be very important, and the experiences of Slade 
point in the same direction. 

As regards the mode of action of hexaclilorocyclohexane in a 
physiological respect, it is close at hand to assume that it is acting as a 
narcotic. Unfortunately no literature on this aspect of the action of 
ganimexane is available to us. Other clilorobydrocarboiis, as e. g. 
chloroform and carbon tetrachloride, being also insecticides, are known 
as narcotics, and they probably produce their insecticidal effects as 
narcotics. As is well known, too strong doses of narcotics have a toxic 
effect, killing the cells instead of producing a reversible narcosis. 

According to the classical Meyer-Overton theory of narcosis, the 
narcotics produce their action by dissolving in the lipoids of the cells, 
and lipoid solubility is usually considered as an important condition of 
narcotic activity. 

If we consider the physical and insecticidal properties of the differ- 
ent isomers of hexaclilorocyclohexane, we shall find a connection be- 
tween low melting point, high water solubility and insecticidity (cf. 
Table I). Tlie differences in melting point should uiidoubtedly also be 
connected with differences in solidiility in most solvents, among them 
also lipoids, viz. in such a way that low melting point entails a high 
.solubility. 

If the insecticidity of these substances is conditioned by their 
narcotic properties, a connection was to be expected between this iu- 
secticidity and the lipoid solubility of the vsubstances. Owing to its 
relatively low melting point and undoubtedly relatively high lipoid 
solubility, the y-isomer should be expected to have the strongest in- 
secticidal effect. 

The rather small differences between the isomers in our insecticidity 
trial are probably referable to our methods; among other things the gas 
concentrations were very high in our covered Petri dishes. 

I Concerning the mechanism of the c-mitotic action, there are in the 
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main two theories. In 1943 Levan and Ostergren for the mechanism 
of the c-mitosis proposed a kind of lipoid theory corresponding to the 
Meyer-Overton theory of narcosis and, thus, »the decisive concen- 
tration of the substance may be that in the lipoids not in the water 
phase of the cells ». This assumption explains the connection between 
the solubility and c-mitotical activity which these authors had found to 
be characteristic of the substances studied. Furthermore, they supposed 
that the c-mitosis was simply to be considered as a narcosis of certain 
enzymic functions of the cells. Even the c-tumour effect was considered 
as a narcosis of the growth control of the ceils. 

In 1944 Ostergren had arrived at a somewhat modified theory. 
He lays stress upon the view that the c-mitosis is to be considered simply 
as a narcotized cell division. The spindle breakdown characteristic of 
the c-mitosis he supposes to be caused by the fibrous components of the 
spindle being brought to assume a more or less corpuscular shape by 
the action of the c-mitotic agent, and this in turn would lead to the 
disorganization of the spindle. 

Both these theories agree with the connection that seems to exist 
between the c-mitotic activity of the substances and their solubility 
relations, viz. a positive correlation between activity and lipoid solubility 
and a negative correlation between activity and water solubility. 

If we put these considerations into connection with the results of 
our experiments, we shall find that the differences between the isomers 
may be quite explicable. The /-isomer has a relatively low melting 
point and certainly also relatively high lipoid solubility. Its higher c- 
mitotic activity and its ability to induce c-tumours are, therefore, com- 
pletely expected, as was also its insecticidal effects. The a-isomer has a 
higher melting point and lower solubility, and its concentration in the 
lipoids may be supposed to be just at the threshold of c-mitosis and 
under that of c-tumours. The j5-isomer, finally, has the highest melting 
point and the lowest solubility and is for that reason quite without any 
c-mitotical activity. 

As already mentioned, we could not get the (5-isomer. As its melting 
point (138 — 139^^ C.) is between those of the /- and a-isomers, it might 
be expected to possess a certain degree of c-mitotic activity. 

The differences found by us between the different isomers of hexa- 
chlorocyclohexane are completely analogous to those found by Levan 
and Ostergren (1943) to exist between the a- and /^-naphthalene 
derivatives. The ck- derivatives studied were all able to induce c-mitosis, 
whereas the corresponding /1-derivatives were characterized by higher 

Hereilitus XXX II I. 25 
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melting points, lower solubility as also by a weaker c-mitotic 
efficiency. 

Regarding the poison effect on the Allium roots, its nature 
sometimes seems to be more unclear, even if it, according to OsTERGREN 
(1944), in many cases may be a narcotic effect too, in such cases 
probably in some way analogous to the insecticidal effects of certain 
narcotics. In other cases the poison effect is certainly of another nature 
than narcotic, especially when it is brought about by substances with 
high water solubility and low lipoid solubility. 

As seen from Table 1, the pure isomers of hexachlorocyclohexane 
are quite without any poison effects and did not kill the Allium roots, 
whereas saturated solutions of »666» killed the roots after 48 hours’ 
treatment. The poison effect of this crude product is probably caused 
by some impurities in this substance. We also made some orientating 
studies with an ether extract of a commercial mixture containing 
»gamniexane». It proved to be able to induce c-mitosis, but it also had a 
poison effect similar to that of »666», and even in this case probably 
caused by impurities, e. g., chlorinated decomposition products. 

According to Levan and Ostergren (1943), the practical appli- 
cability of a substance for the production of polyploids is largely de- 
pendent on its lack of toxic properties and its range of active concen- 
trations, i, e. the relation betw-een its solubility and threshold value. 

Next to colchicine, which is unique in several respects, acenaph- 
thene is the substance that is responsible for the greatest number of 
chemically induced polyploids, this depending not only on the fact that 
it has been in use for a long time, but also that it has proved not to be 
poisonous. 

It does not seem improbable to us that even the j'-hexachlorocyclo- 
hexane might be useful for this purpose. In similarity to acenaphthene 
it is not poisonous, but in addition its range of active concentrations is 
much wider. The relation between solubility and threshold concen- 
tration is for y-hexachlorocyclohexane ca. 30, whereas the same value 
for acenaphthene is only ca. 4. Judging from our experiences, however, 
purity seems to be necessary to get rid of the poison effect. 

Summary. — Three pure isomers and a crude product of the well- 
known insecticide hexachlorocyclohexane have been studied as regards 
their cytological effects on Allium roots, especially their ability to induce 
c-mitosis. 

The. crude product as well as the most insecticidal /-isomer proved 
to be able to induce complete c-mitosis, wdiereas the a-isomer only 
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induced partial c-mitosis and the /^^-isomer was quite without any c- 
mitotical properties. 

There may be a connection between insecticidity, c-mitotical activity 
and the simple physical properties of the substances, which is in com- 
plete agreement with the theory of the narcotic nature of c-mitosis. 

As the y-isomer was quite without any toxic effects on the Alliuin 
roots and at the same time was able to induce c-mitosis, it might be 
practically applicable for the production of polyploids. 

II. THE CYTOLOGICAL EFFECT OF VITAMIN K* 

When studying the cytological effect of various organic compounds 
we investigated, among other things, the ability of three synthetical 
types of vitamin K to induce c-mitosis. 

The substances used were: 2~methylnaphthoquinone, 2-methyl 1 — ^4- 
naphthohydroquinone diacetate and sodium 2-methylnaphthohydroqiii- 
none 1 — 4-diphosphate. In spite of their simpler chemical constitution 
these substances have the same medico-biological effect as natural 
vitamin K, viz. to enable the coagulation of blood by cooperating at the 
formation of prothrombin (cf. Moller, 1943). 

1. METHODS. 

The methods were the same as used when studying the cytologicai 
effect of hexachlorocyclohexane. As material for the treatments we 
used bulbs of Allium Cepa, the roots of which were immersed in the 
various solutions of the substances. 

The methyl-naphthohydroquinone diacetate and sodium-methyl- 
naphthohydroquinone diphosphate were pure products from A. B. Astra. 
Under the name of »K-vimin» these substances have pharmacological 
application, the acetate as an oil solution and the phosphate as pills. 

2. DESCRIPTION OF THE RESULTS* 

Methylnaphthoquinone. — The results of the treatments are 
collected in Table 2. The solubility of the substance seems to be about 
0,000*5 mol/litre, and it is, thus, to be considered as only very sparingly 
soluble in water. 

In concentrations of 0,ooo*i mol/litre and more we obtained typical 
c-mitoses after four hours’ treatment. G-tumours did not appear, ob- 
viously due to the short time of treatment. The highest concentrations 
had a very marked poison effect resulting in pycnotic, degenerating 
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TABLE 2. The cytological effects of vitamin K, 

+ — presence and — “absence of the effect in question; 0 means that a possibly existing effect may be hidden by poison 
eftect. The first sign of each column refers to four hours’ treatment and the second one to 24 hours. 
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nuclei, and even in 0 ,oon “2 molar solution there occurred some pycnotic 
nuclei, especially in the outer cell layers. Consequently, the roots in the 
two strongest concentrations showed reduced turgescence. 

Probably the agglutination of the chromosomes appearing in the 
same solutions is to be considered as a kind of poison effect too. It ex- 
presses itself in the chromosomes becoming liquefied and baked together 
to an irregular lump. Such agglutination is certainly identical with the 
» sticky chromosome » effect, several cases of which are known, e. g., 
after treatment with some other c-mitotically active substances, e. g. 
ethylene glycol (Ostergren, 1944). In our case, however, the form- 
ation of anaphase bridges due to stickiness is rendered impossible by 
the lack of spindle activity. In ethylene glycol the threshold concen- 
tration of agglutination and stickiness is lower than that of spindle 
destruction. 

After 24 hours’ treatment there occurred c-tumours in those of the 
strongest concentrations in which the toxic action did not hinder the 
production of this effect. Now the iioison effect itself was very marked 
also in weaker solutions, and even in 0,ooo*i-molar solution the roots 
were partly dead, resulting in lack or reduction of turgescence. While 
the threshold of poison effect had thus been lowered, the threshold of 
agglutination and c-mitosis had been raised about one step in the con- 
centration series, and these effects were now obtained only in solutions 
that were at the same time more or less poisonous. The c-mitosis was 
obtained only in 0,o()o*2-molar solution. This c-mitosis differed, however, 
strikingl}^ from the typical one described, e. g., by Levan (1938) and 
Shimamura (1938). Instead of lying scattered in the cells, dividing and 
forming telophase nuclei, usually one per cell, the undivided chromo- 
somes (c-pairs) are in this case of ours distributed at random to the two 
poles of the cells, where they divide and are usually inclosed in two 
telophase nuclei. 

At first sight this telophase is similar to a normal telophase, but it 
differs from this in several respects conditioned by the absence of a 
normal spindle mechanism in these cells, the distribution of the c-pairs 
being brought about by some other forces. Firstly, the distribution of 
the chromosomes is obviously quite at random, sometimes resulting in the 
formation of daughters nuclei of very unequal size. Furthermore, 
these nuclei are without that polarization of centromeres and chromo- 
some arms typical of normal telophase nuclei, and, finally, they are not 
separated by a cell-wall, this defect being also caused by the lack of 
spindle. 
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When this type of c-mitosis, which we tenii distributed c-mitosisy>, 
is strongly pronounced, the c-pairs seem to be pressed against the end- 
walls of the cells by some force from its centre. Sometimes there occur 
not only two but several groups of chromosomes, these lying more or 
less close to the cell-walls, and the telophase picture is then very much 
like the » exploded metaphase» described by Barber and Gallan (1943). 

Occasionally there may also lie a distinct group in the centre of the 
cells in addition to the polar ones. 



Besides this distributed c-mitosis, there also occur quite typical 
ones, without distribution of the chromosomes, as also transitions be- 
tween them, but the type described is much too predominating to be 
merely a fortuitous phenomenon. No tendencies to such distribution 
of the chromosomes were seen in any other concentration or after only 
four hours’ treatment. 

The chromosomes were contracted to about half their normal 
length, and their shape was the same as at typical c-mitosis. The late 
division of the centromeres was very characteristic. Neither spindle 
fibres in the plasm nor any other signs of spindle activity could be 
detected. 

Methijl-naphthohydroquinone. diacetate. — The water solubility of 
this substance too is rather low, 0,ooi — 0,flO(r5 mol/litre. It proved to be 
unable to induce complete c-mitosis even in saturated solutions. These 
solutions, however, possessed a certain degree of c-mitotical activity that 
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gave rise to multipolar mitoses, regarded as partial c-mitoses by OSTER- 
GREN (1944). 

After 24 hours’ treatment the saturated solutions showed a strong 
poison effect. No c-tumours were obtained in any solutions. 

Sodiiim-methyhmphthohydroquinone diphosphate. — As might be 
expected from its chemical constitution, the water solubility of this sub- 
stance is very high. We did not determine the solubility exactly, but 
even a 1 -molar solution was without a precipitate. As seen from the 
table, this substance is quite devoid of any c-mitotical activity. Not even 
a 0 , 1 -niolar solution was able to bring about any c-mitotical disturbances. 
The only effects obtained were poison effects after 24 hours’ treatment, 
and tendencies to agglutination of the chromosomes, but these effects 
probably do not belong to the c-mitotical complex of reactions. 

3. DISCUSSION. 

As to the differences in c-mitotical activity between the substances 
tested, we would suggest the following explanation. 

The works on c-mitosis by Levan and Ostergren undoubtedly 
show that in many cases the activity of the c-mitotical agents is mainly 
conditioned by their physical properties, especially their solubility 
relations. These authors have found that there is a negative correlation 
between water solubility and c-mitotical activity, and this correlation is 
explained on the assumption that the substances produce their action 
dissolved in the lipoids of the cells, and thus the lipoid solubility is of 
decisive importance. 

The sodium-methylnaphthohydroquinone diphosphate is a salt and 
should therefore hardly be perceptibly soluble in lipoids. Its c-mitotical 
inactivity is, thus, very well expected. It can never produce its action 
in the same way as the methylnaphthoquinone, which must be assumed 
to JiRve at least a certain degree of lipoid solubility and to be able to 
induce c-mitosis. Concerning the acetate, this substance may also be 
expected to be somewhat soluble in lipoids and should consequently 
also be expected to give c-mitosis. It is difficult, however, at present to 
say whether it should be more or less active than the methylnaphtho- 
quinone, the chemical structure being too different. 

It has been more difficult to find a plausible explanation of the 
origin of the » distributed c-mitosis ». Judging from their figures and 
description, Witkus and Berger (1944) seem to have obtained a most 
similar or even identical deviation from the typical course of c-initosis 
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in their »pseiido-aiiaphase». These authors are of the opinion that 
there is an imperfect spindle active, but they do not mention anything 
as to the nature of this spindle. Besides, the term »pseudo-anaphase» 
is perhaps somewhat inadequate, as typical c-chromosomes also pass 
through an anaphase and a telophase. 

Above it was mentioned that the distributed c-mitosis is sometimes 
very similar to the » exploded metaphase» obtained by Barber and 
Gallan (1943) in Triton after treatment with cold and colchicine. These 
authors explain its origin in the following way: »In the exploded ana- 
phase the chromosomes are pushed bodily about the cell, probably 
owing to the formation of a purely centrosome spindle. » The centro- 
meres are considered to be inactive and the c-pairs are pushed about the 
cell just as at our distributed c-mitosis. 

Making use of Ostergren’s (1945) theory concerning the existence 
of certain transverse forces in the spindle tactoid which act on the 
chromosome bodies, we are venturing to put forward an explanation 
of the origin of our distributed c-mitosis, one that is perhaps also ap- 
plicable to the »pseudo-anaphase» and the »exploded metaphaso'. 

It does not seem impossible to us that the forces acting on the 
c-pairs might be of the same kind as those proposed by Ostergren, 
in normal cells » manifested as tendencies of the chromatids to move 
out of the spindle » and resulting in the origin of » transverse equilibria 
on the spindle)). It may be suggested that in spite of the absence of 
any visible spindle mechanism there is still a kind of coacervate or 
tactoid, the particles of which- push the chromosomes in a peripheral 
direction, thus causing the characteristic distribution of the chromo- 
somes described by us. 

In fact, observations by other authors indicate that at c-mitosis 
there exists an element in the cells that might produce such forces, viz. 
the achromatic sphere observed by Shimamura (1938) and Berger and 
WiTKUS (1943) around which the chromosomes sometimes seem to 
arrange themselves. 

The increased threshold concentration of c-mitosis after 24 hours’ 
treatment is also very difficult to interpret. Possibly the cells have a 
certain ability of getting inured to the treatment. Regarding the cam- 
phor reaction of yeast, Levan and Sand wall (1943) state that »the 
cells may gradually become insusceptible to the substances » during the 
treatment, whereas Ostergren (1944) in Allium has in some cases 
observed a » downward movement of the c-mitotic threshold)). 
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Summary, — Three pharmacologically used types of vitamin K 
are tested as regards their ability of inducing c-mitosis in root-tip cells 
of Allium. Methyl-naphthoquinone proved to be able to induce com- 
plete c-niitosis, whereas methyl-naphthohydroquinone diacetate only in- 
duced partial c-mitosis and sodium-inethylnaphthohydroquiiione diphos- 
phate was quite without any c-mitotical activity. 

The differences in activity agree with the opinion of Levan and 
OSTEUGREN that the solubility properties are of decisive importance for 
the c-mitotical activity of organic compounds. 

There is also described a peculiar type of c-mitosis that deviates 
from the typical c-mitosis by having the undivided c-pairs distributed to 
the two poles of the cells. 

An explanation of the origin of this »distributed c-mitosis » is sub- 
mitted. 
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CONTRIBUTIONS TO A CYTOLOGICAL 
ANALYSIS OF THE SPECIES DIFFERENCES 
OF GODETIA AMOENA AND G. WHITNEYI 
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T he parallel genetical and cytological investigations of the Godetia 
material in the cultures of Dr. Hiorth have given certain results 
that also seem to be of interest to students of the problem of speciation. 
Such a result was the production of a G. Whitneyi with the new basic 
number 6, previously unknown in the genus Godetia (Hiorth, 1946 c; 
Haeansson, 1946). The new form had been produced through intra- 
specific crosses between different monosomies. In this paper the be- 
haviour of the chromosomes in repeated backcrosses of the interspecific 
hybrid G. amoena X G. Whitneyi to G. Whitneyi will he described, and 
also some cases of spontaneous chromosome changes. 

Hiorth (1942) has shown that G. amoena occurs only in a rather 
small area south of Golden Gate, while G. Whitneyi has a wider dis- 
tribution from Golden Gate to the Vancouver Island in British Columbia. 
The most important morphological species difference consists of certain 
patterns on the petals. G. amoena has a basal spot quite at the base of 
the petal; such a spot never occurs in Whitneyi. G. Whitneyi has a 
central spot of varying size nearer the centre of the petal; this spot 
occurs in some garden races of amoena but never in amoena plants 
from natural localities. Individuals lacking petal spots may occur in 
the two species. Hiorth (1940) has shown that the spotless condition 
is recessive (/), that there are several central spot alleles, each causing 
a different size of this spot (F^), and that the basal spot gene of the 
amoena race used in the crosses and designated 7^’’^ is allelic to F^ and /. 
This allelism of F^ and F^ has been fully confirmed by the results of 
later crosses of Hiorth. Its manifestation is perhaps unusual; F^F^ 
plants have both a basal and a central spot. Earlier, Rasmuson (1921) 
had studied the genetics of these petal spots and found that »a case of 
multiple allelomorphism possibly is present here» (1. c., p. 284). 

The question of the true nature of the species barrier has been 
studied by Hiorth, who used the method of attempting to transfer 
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certain important species characters of cunoena to W bitneiji^ lirst back- 
crossing the Fi hybrid to Wbiineyi, and then through successive gener- 
ations crossing plants with the cliaracter studied to Whitneyi. Great 
difficulties have met the production of fertile Whitneyi plants having 
(Hiorth, 1946 b). 

Godetia amoena X G. Whitneyi is very sterile. In the first backcross 
generation, F'., all F^ plants were very sterile, while at least some F^ 
plants were fertile. Also in F’o all F^^ plants had been very sterile. In 
the 3rd and following backcross generations certain distinctive F^^ types 
appeared, the properties of which will be discussed in the following 
pages. As a rule, F^ plaiits also showed a pronounced pollen and seed 
sterility in the later generations, whereas F^ and / plants were fertile. Sell- 
ing of the F^ plants or crossings with these plants gave a low number of 
F^ plants, F^ or / plants appearing in a great excess. Thus the transfer 
of to G. Whitneyi has met with great difficulties, the F^ plants in the 
crosses being more or less sterile and segregating only a low percentage 
of F^. However, a fertile F^^ with a more normal segregation has at 
last appeared. 

Many F^ plants from the first and later backcross generations have 
been investigated cytologically, and my results are mentioned in the 
communication of Hiorth, but an illustrated description of the cytolog- 
ical observations is needed. Buds have been fixed (in As) of: 
(l) amoena X Whitneyi F\ in 1941, (2) Fi X Whitneyi, the first back- 
cross generation, designated F^ hi 1943, (3) the 3rd backcross generation 
F\ in 1941, (4) the 4th and 5th backcross generations F\, and F’n, 
belonging to the same pedigree as F\, in 1942 and 1943. The genes 
involved in these crosses were F^ — F^ — / and W’l — Wi. Wi is one of 
three genes that cause a light violet instead of a white colour of the 
petals. F^ and Wx in G. Whitneyi show linkage with crossing-over 
values of more than 20 %. The Whitneiji chromosome having these 
genes has been designated 1.2 (Hiorth, 1946 c). Wi from amoena was 
called W’,. 

Godetia amoena X G. Whitneyi, Fi. — Meiosis has been described 
several times. The hybrid is very sterile. Hiorth found a seed fertility 
of about 3 % and a pollen sterility of 94 7o . The chromosome pairing 
is, however, good; the most common number of Fs is 2. The hybrids 
investigated in 1931 showed Ill’s, IV or a chain-of-five (FIakansson, 
1931) ; in G. amoena Sunol X G. Whitneyi Bremen no multivalenls 
seemed to occur (Hakansson, 1942), In a re-investigation of the latter 
hybrid, however, multivalents were detected. As is shown in Fig. 1 
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at least 2 configuratioiis-of-three may be formed. One is a heterochain 
with a rather small end-chromosome, the other is a homochain of about 
equal chromosomes. Sometimes there are 7 II; it seemed as though the 
small chromosome was paired with a chromosome from the latter con- 
figuration (Fig. 1 bj. Often the small chromosome is univalent, the 
heterochain being instabile. The second configuration-of-three is more 
often observed. Rarely, a III with a triple chiasma is seen (Fig. 1 c), 
though it is uncertain whether this is a third configuration-of-three. An 
interstitial chiasma is sometimes observed in the chains (Fig. 1 d). Some 
p.m.c’s with 5 II -|- chain-of-four were observed and very rarely a closed 
ring-of-four (Fig. 1 e). The configuration-of-four is more rare than the 
second configuration-of-three and, as Fig. 1 / shows, these two con- 
figurations may occur together. Another high catenation was chain-of- 
five. The structural differences between the standard genome of Whit- 
neyi and amoena are also shown by the occurrence of unequal IPs 
(2 or 3); very rarely is an inversion bridge seen. Fig. Ig shows a 
somatic plate from a petal cell and gives an impression of the size 
relations of the chromosomes of the hybrid. 

The occurrence of niultivalents shows reciprocal translocations and 
duplications in the chromosomes. However, many p.m.c’s have no 
multivalent, and »homologous» segments are thus often unpaired. Prob- 
ably no p.m.c. Avas observed where all possible pairings were realized. 
IIiORTH thinks that such a pairing would be ring-of-six + ring-of- 
four + two IPs. A cytological demonstration does not seem to be 
possible, perhaps owing to this »asyndesis». In view of the strong 
structural differences and the absence of a large ring or chain that 
could bring about a regular assortment of the chromosomes, the high 
sterility of this hybrid is not surprising. 

Fi X G, Whitneyi. — The cross investigated had been of the type 
(/rb \y\ X mi) X f mi and the offspring 1 F^ F^ W\ : 22 F^ W\ : 
5 F^ lUi : 12 F^ W\ : 36 F^ Wi. As Hiorth points out, crossing-over had 
been as high as in intraspecific crosses of G. Whitneyi. Buds from 
rather many plants had been fixed; the pollen fertility of these plants 
had been determined by Hiorth, Four F^ plants were investigated. 
They were all cross-overs (F^ W\) and were pollen-fertile, having a 
pollen sterility of only 6 % . They formed 7 II and had a regular 
meiosis. No F^ Wi had been fixed or had its pollen investigated. Some 
of them must have been sterile (p. 241), In mode of growth all F^ 
plants were similar to Whitneyi. 

AH F^ plants in the cross had a high pollen sterility, some had 70 — 
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80 % , others had more than 90 % poor pollen. Only one of them had 
the mode of growth of Whitneyi, the rest were more similar to amoena 
in this respect. No had regularly 7 II and a regular meiosis; all 
investigated plants (19) showed the presence of amoena chromosomes. 



Fif?. 1. a — g. G. amoena X G. Whitneiji. — a: 4 II -f homo-III -h helcro-TII. — 
h: 7 11. — c: configuration with a triple chiasma. — d: heterochain showing an 
interstitial chiasma. — e: ring-of-four. — /: IV H-l III -1- 2 II + 3 1. — g: somatic 
plate. — h — 72. (G. amoena X G, Whitneyi) X G. Whitneyi, different plants. 
— h: 2678. 2 III + 4 II -f- 2 I. — i: 2696. 2 III -h 3 II + 3 I. — /: 2660. heterochain 
+ true III. — k: 2679. 4 II + hetero-III + homo-III. — 1: 2679. 7 II. m: 2680. 

3 11 + 2 I-j- 2 homo-III. — n: 2665. 7 II. 


This was evident from the occurrence of multivalents or unequal ITs or 
Ps or an inversion bridge or a higher chromosome number than 14. 
Chittenden (1928) has determined the somatic numbers in {Whitneyi X 
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amoena) X W hitneyi tind found 2n to be 16, 15 or 14. These numbers 
were here found in the plants. To describe meiosis in all these plan is 
closely would be too burdensome; only a short summary will be given, 
and it must be remembered that the pairing was always variable. 

One plant had 16 chromosomes; it was the f plant (2678). 

As many as three Ill’s could be observed, one of them being a hetero- 
chain — in Fig. 1 h the small chromosome is free from the chain. 
Sometimes a chain-of-four occurred. Four plants had 15 chromosomes. 
One of them (2663) formed only one configuration-of-three, a hetero- 
chain. However, this plant must have had more than one amoena 
chromosome because one could sometimes observe a chain-of-four. Two 
of the 15-chromosome plants rather often formed two configurations- 
of-three, a true III and a heterochain with a small end-chromosome, 
the latter seeming to be smaller than in Fi (Fig. 1/ is from 2660). 
Plant 2696 also could form two chains, but the small chromosome 
seemed to be lacking here (Fig. 1 i) ; a chain-of-four rather often 
occurred. 2696 had much more often than Fi a bridge and an acentric 
fragment. The reason is probably that here there is a new inversion 
that arose in Fj. 

14 F^ plants were »disomics». Most of them could form at least 
two configurations-of-three, a heterochaiii with a small end-chromo- 
some and a homochain or true III with triple chiasma (Fig. Ik). This 
pairing, which may be written 4 II + 2 III, was not so frequent. Other 
pairings were 5 II + I + III or 6 II + 2 I, univalents being of different 
size. The univalent could be small or large if only one chromosome 
was unpaired. A few plants of this type also had p.m.c’s with 7 II, one 
II being heteromorphic (Fig. 1 /). Probably the small chromosome 
from the heterochain had paired with one of the chromosomes from the 
homochain; such a pairing could also occur in Fi. Some plants having 
two configurations-of-three were different; no clear case of a hetero- 
chain was observed, probably the small chromosome was not present. 
Fig. 1 m shows a pairing from such a plant, there is a true III and a 
chain of three chromosomes of about equal size. 

Some disomies could show more than one unequal II. This is an 
indication that there are more amoena chromosomes than two. A higher 
number of amoena chromosomes must also be present in such disomies 
as could form a chain-of-four, an inversion bridge, or an usually high 
number of Fs leading to a more or less frequent elimination at ana- 
phase 1. The F^ plant having a WhitneijiAike mode of growth had 
often 7 IPs, two of them heteromorphic (Fig. 1 n), but could sometimes 
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form a Iiomocliain. This plant could also show an inversion bridge; 
the small chromosome was lacking. 

All plants showed a chromosome number or a meiosis that 
indicated Ihe presence of anioena chromosomes, and thus most prob- 
ably the chromosome with F^, The alleles Wi — were exchanged 
in Fi but an exchange of F alleles with loci in the same chromosome 
had not occurred. The high pollen sterility in F^ plants is no doubt due 
to the amoeiia chromosomes present, these causing a structural hy- 
bridity that must result in a high haplontic sterility. As mentioned, 
there seemed to be different degrees of pollen sterility, 70 — 80 % and 
more than 90 %, Meiosis in the more sterile plants showed a greater 
structural hybridity and thus the presence of more amoena chromo- 
somes than plants having the lower degree of pollen sterility, i. e. plants 
with a chain-of-four, with several heteromorphic II’s or several Fs were 
of the more sterile type. 

In most cases the number of amoena chromosomes must be lower 
than in Fi and meiosis is therefore less disturbed. Of more interest are 
such differences in the meiosis of back cross F^ and Fj as cannot be due 
to a different number of amoena chromosomes. Many F^ plants could 
form two configurations-of-three, one of them a heterochain. Such a 
heterochain could also be observed in Fa, but more rarely. Thus, in 
disomic backcross p.m.c’s with two configurations-of-three were 
more frequent than in Fi. The reason for this difference in pairing will 
be discussed in a following chapter. Metaphase 1 in Ft often showed 
bivalents formed of chromosomes of different size and form. An inter- 
change in such a heteromorphic II could lead to new chromosomes 
having a changed size or form. Such new chromosomes were, however, 
not detected in the backcross plants. A study of chromosomes in root 
tips would perhaps have slioAvn that new chromosomes may be formed. 
This is not improbable, since some backcross F^:s seemed to show a 
reduction in size of the small chromosome in the heterochain. This is, 
however, a point that will he discussed later. A more certain change is 
perhaps a new inversion in one of the plants. 

All F^ plants in the first backcross generation thus show sterility 
and the presence of amoena chromosomes. It is clear that the chromo- 
some with F^ causes sterility. Four F^ plants were fertile and had 
a regular meiosis — 44 plants had, however, not been investigated. 
Now, Hiorth has made analogous crosses with the dominant amoena 
gene C^P that causes a violet dusting on the leaves. The first backcross 
generation showed that C^P segregates independent of F^. F^ C^P plants 
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always had, as expected, a high pollen sterility, but / C®P also was 
sterile. Out of 7 plants investigated, 2 had a pollen sterility of about 
30 % , 5 of about 80 % . Meiosis in one C^P and one / C®P was studied. 
The former showed a rather small chromosome but was not investigated 
closely. As most common pairing f C®P had 5 II + I + chain-of-three. 
The chain was formed of chromosomes of about equal size (Fig. 2 a), 
a heterochain was never observed, the small chromosome was not 
present. Of very rare occurrence was a chain-of-four (Fig. 2 b), The 
chain seemed very similar to the homochain in Fx and certain F^:s in 
F’o- Thus, it seems that the C^P chromosome from amoena also causes 
sterility when introduced into Whitneyi and is structurally different. 
Several F^:s in the F^ cross must have had this C®P chromosome and 
shown sterility. 

[Fx X G. Whitneyi), F\. — The plants investigated belong to a 
different pedigree, the first backcross generation being sown in 1939. 
A number of F^ plants in this and the following backcross generation 
had been pollinated with pollen from G. Whitneyi plants that were F^ 
or /, In this way F\ (sown in 1941) consisting of six families having 
15 F^ : 141 non-F^ had arisen. All F^ plants in this as in the preceding 
generations were sterile. They had a long bent stem like G. amoena. 
One F^ (3054/795) had, however, a mode of growth more similar to that 
of G. Whitneyi and had a better fertility than other F^ plants in F\. 
Six plants, were investigated. 

Plant 3054 had 15 chromosomes and the pairing 6 II + heterochain 
(Fig. 2 c). The heterochain will be described later; it is composed of 
chromosomes that all are different. The small chromosome was some- 
times unpaired, and the univalent formed may be divided or eliminated 
at anaphase 1 or 2. The absence of more Ts and the fact that none of 
the IPs showed any heteromorphy indicate that the six IPs were formed 
by Whitneyi chromosomes. As will be shown below, the heterochain 
very probably has a Whitneyi chromosome in the centre, while the 
end-chromosomes are amoena chromosomes. 

Four plants (3052, 3053, 3055, 3056) had a similar cytology. They 
had 14 chromosomes and could form two configurations-of-three. One 
of these configurations was the heterochain that was also formed by the 
trisomic plant. The small end-chromosome is smaller than the other 
chromosomes; this is also evident from somatic plates (Fig. 2i). The 
second configuration-of-three is formed by two equal and one slightly 
smaller chromosome (Fig. 2d). This configuration was very instabile; 
in most p.m.c's one of its chromosomes was univalent and hence this 
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coufiguration is rather difficult to study. Probably it is formed of one 
amoena and two Whitneyi chromosomes, but it seems that a triple 
chiasma may rarely be formed. The small chromosome from the 
heterochain is also rather often univalent, and the pairing 6 II + 2 I 
is frequent, the Ps being of a very unequal size (Fig. 2 e). Only 



Fig. 2. a—b. [G. amoena X G. Whitneyi) X G. Whiineiji, f iilanl. — a\ homo- 
III. — b\ 5 11 + IV. — c—i: (G. amoenaXG, Whitneiji) X G. Whitneyi, plants 
from — c: 0 II + hcterochain. — d: 4 II + HI + heterocluiin. — e: 0 II + large 
I + small I. — f: division of Is at first anaphase. — i: somatic plate. — g^lv plant 
3058. f/: V + 3 II + 3 I. — 7i: V + HI + 3 II. 

occasionally do more than 2 I’s occur. Fig. 2 / shows the division of 
the two I’s at anaphase 1. 

One plant (3058) was a disoinic having a different pairing. In 
many p.m.c’s a chain-of-five could be observed with three large chro- 
mosomes in the centre and smaller end-chromosomes (Fig. 2g]. One 
end-chromosome in this chain was particularily small. As is shown in 
Fig. 2 h, this chain and a chain-of-three may occur in the same p.m.c. 
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The longer chain could be divided into a chain-of-four + I or a chain- 
of-three + II. This plant frequently had more than two I’s and ana- 
phase 1 was often rather disturbed. 

The more sterile plants were disomies and bad more amoena 
chromosomes than 3054, this being shown by the formation of a second 
configuration-of-three. The great structural hybridity that thus is 
evidenced by the pairings observed explains this great sterility of the 
disomies. A greater number of amoena chromosomes also explains the 
amoena-like or intermediary mode of growth of the disomies, while 
3054 was more similar to WhitneyL It seems probable that the sterile 
plants that have not been investigated were also disomies, most of 
them perhaps having the two configurations-of-three. The disomic 
3058 with the chain-ofTive came from a very sterile mother plant. As 
the offspring in this case was from an unisolated branch, pollen may 
have come from a Whitneyi with a chromosome ring. However, the 
assumption of the occurrence of a new translocation is needed to ex- 
plain this unexpected pairing (cf. p. 253). 

All II’s in the disomic were no doubt formed by Whitneyi chro- 
mosomes, this in contradistinction to the disomies with two configur- 
ations-of-three in F '2 that could show evidence cf more amoena chro- 
mosomes. In no case was a heteromorphic II formed by chromosomes 
belonging to different chains observed, and the small chromosome in 
the heterochain here seemed to be smaller than the smallest chromo- 
some in the F^ hybrid. 

If I X G, Whitneyi), F\, and F\. — In Fh there seemed to be two 
different types of F^. One plant (3054) represented what Hiorth has 
called the heterotrisomic F^^ t 3 ^pe having 6 II + heterochain, the others 
were of what Hiorth called the disomic sterile type having the 
heterochain and a second configuration-of-thfee. These types were also 
found in later backcross generations, but while in F\ most F^ plants 
were of the disomic sterile type, only one of the F^hs from later gener- 
ations that had been fixed belonged to this type. The heterotrisomics 
are more fertile and are similar to G. Whitneyi in mode of growth. 
Hiorth found in 54 plants of the latter type 25 — 81 % poor pollen 
with a mean of 47 % (all these plants had not been investigated cylolog- 
ically). Plants of the sterile type had more than 80 % poor pollen and 
always had a much lower seed fertility than the heterotrisomics. Thus, 
six sterile F\ plants after backcrossing gave 21 F^ : 92 non-Fl’, while the 
one heterotrisomic gave 20 F^ : 70 non-F^. 

From the offspring last mentioned (the family 882 — 1942) that had 
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3054 as mother three plants were studied. In the next backcross 
generation F\; the segregation had been in all 26 : 376 F^ F^. A 

few individuals from this generation (808 — 1943) were also invest- 
igated. All plants were heterotrisomics, and meiosis could be studied 
more Ihoroughh^ than in 3054. The small end-chromosome in the 
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Fig. 3. (G. amoena X G. Whitneiji) X G. Whitneiji. FV, and F’o. — a: heterotrisomic 
FJj. somatic plate. — b: heterotrisomic heterochains. — c: plant 1138/886, 

somatic plate. — d: plant 1131/886, somatic plate. — c: 1138/886, heterochain. ^ 

f~~g: Fh from 846—1943, heterochains. — h: 845—1942, elimination of fragment 
chromosome at first anaphase. — i— jt; the plant 1171/889. — i: 111 + 6 11. — /: the 
configuration-of-three. — k: bridge formation at first anaphase. — 1: fertile F^^, 7 11. 
— m: the F5> plant 2669/817—1943, III + 5 II + 2 1. 

heterochain measured 7 mm. at a magnification of X 5000, the larger 
end-chromosome 12 mm. The former had a submedian centromere, the 
latter a subterminal. The chromosome in the centre was heterobrachial, 
the short arm formed chiasma with the small chromosome. The centre- 



GODETIA AMOENA AND G. WHITNEYI 


245 


meres of the end-chromosomes are orientated towards one pole, the 
chromosome in the centre towards the opposite pole. This must cause 
a rather constant distribution of the chain at anaphase 1, the end-chro- 
mosomes going to the same pole. Exceptions from this distribution may 
occur. One cause of such exceptions is a more neutral orientation of 
the small chromosome, its centromere not being directed towards any 
definite pole (cf. Fig. 3 g), another cause is univaleiice of the small 
chromosome. In one slide as many as V;j ol the p.m.c’s had a smaliT, 
but other slides showed a lower frequency, and an elimination of the 
small chromosome occurred in less than 20 % of the p.m.c’s. 

The appearance of the chain was somewhat variable. The small 
chromosome could be connected by a thread but perhaps more often 
the connection was closer (Fig. 3 5). The third mode of connection, 
through an interstitial chiasma, was never observed, nor was such a 
chiasma formed by the larger end-chromosome. The ll’s are as a rule 
open, only 0- — 2 ring-IPs were observed in the p.ni.c. A somatic plate 
is shown in Fig. 3 a. It is very probable that all F^hs in these families 
were helerotrisomics. 

An interesting F family was 886 — 1942 from a cross F^ F^ X / /. The 
segregation was 5 / : 14 F^ /. The mother plant, 3051/795 — 1941, 

had unfortunately not been investigated. Hiorth mentions that it 
belongs to the sterile, disomic type. All F^^ and 5 F^ plants were invest- 
igated. The plants were helerotrisomics, and the small chromosome 
had a reduced size (Fig. 3 d). While, as a rule, it has more than half 
the length of the larger end-chromosome, it is here less than half of this 
chromosome, at a magnification of 5000 measuring 4,5 — 5 mm. at first 
metaphase. The orientation of the chromosomes of the heterochain is 
the usual, at anaiDhase 1 the end-chromosomes pass to the same pole. 
Here, more often the small chromosome is at a distance from and 
connected by a thread to the chromosome in the centre. 

Four F^ plants had, as expected, 7 II and had no doubt 14 Whitneiji 
chromosomes. One F^ (plant 1138) was, however, heterotrisomic; it 
had the small chromosome (Fig. 3 c). The heterochain was somewhat 
different from the chain of the F^^ sisters. It was the larger end-chro- 
mosome that was different, this having the same size and form as the 
chromosome in the centre (Fig. 3 c). The chain thus has two Whitneyi 
chromosomes, and 1138 as normal F^ plants 14 such chromosomes. The 
number of ring IPs were rather high, 3^ — ^4 in most p.m.c’s. Plant 1138 
had a pollen sterility of 27 %, while four normal F^ sisters had only 
3 — 6 After selfing, 1138 has given 152 F^ Wj : 21 F^ Wi : 18 f Wj : 
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29 This segregation is quite normal and shows that the small 
chromosome has no influence on the segregation (Hiorth, 1. c.). The 
cause of the pollen sterility is unknown. The small chromosome was 
often univalent. 

The plant 1131/886 had in a cross / X // unexpectedly given 
the segregation 24 F^ f : 35 f f (= the family 846 — 1943). Selfing of 1131 
also gave an unexpectedly high number of F^ plants. Of 846 — 1943 one 
/ and seven F^ plants were investigated. The f had 7 II, all F^:s were 
heterotrisomics with a very small chromosome (Fig. 3 /), similar to that 
in the mother plant. A division of the fragment chromosome is shown 
in Fig. 3 h. The F^ plants in 846 seemed to be very sterile, five plants 
pollinated with / pollen giving offspring of only 103 plants, 6 / : 97 ff. 

This is again unexpected, the number of F^ now being low, perhaps 
owing to the sterility (Hiorth). The unusual segregation of 1131 could 
not be due to the reduced size of the small chromosome because sister 
plants have given the ordinary heterotrisomic segregation. 

The small chromosome of the heterochain may also be larger than 
in 882 — 1942; this Avas possibly the case in the only F^ plant in 814 — 
1943. The mother plant had not been investigated but was of the 
sterile type (Hiorth). 

A cross of the type F^ F^ X ff had given 1 F^ F^ f : 1 F^^ f : 19 F^ f 
(the family 880 — 1942). The mother plant was 3056 from FT, a di- 
somic having two configurations-*of-three. Plant F^ / was a heterotri- 
somic with the usual heterochain. Plant F^ F^ f (1171/889) also had 
6 II and a configuration-of-three, but it was not the heterochain, being 
formed of two chromosomes of equal size and one that was slightly 
smaller (Fig. 3 i and /). A triple chiasma was sometimes observed. The 
pairing could also be 7 II + I or 6 II + 3 I. Anaphase 1 was very dis- 
turbed, there being frequent laggings and eliminations. Bridges were 
observed, but no acentric fragments. Fig. 3 k shows a bridge uniting 
two chromosomes from the HI going to the same pole. It is clear that 
1171 lacks the small chromosome, and the constitution F^ F^ f shows 
that a non-disjunction had probably occurred in the mother plant. Thus, 
the new configuration was probably composed of two Whitneyi chro- 
mosomes and the larger end-chromosome from the heterochain, because 
in the mother plant the chromosome in the centre and the larger end- 
chromosome had gone to the same pole. 1171 is the homotrisomic F^ 
type of Hiorth. 

889 — 1942 showed that a disomic F^ had produced a heterotrisomic 
F^. In a similar cross with a cytologically investigated disomic F^^ from 
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jp’4 only one was examined and this plant had 4 II + 2 configur- 
ations-of-three as the mother plant (888 — 1942). 

In F\ appeared the first F^^ plant that was fully fertile: the fertile 
F^ type. This plant had a pollen sterility of only 2 % , after selling it 
gave 61 F^F^ :21S F^F^illbF^F^ that is 71 % F\ 17 % 
while the heterotrisoinic segregates 12,2 % F^ and 0,2i % F^ F^. The 
fertile plant (1107/883 — 1942) was not investigated, however, two F^ F^ 
and two F'" F^ individuals from the progeny showed 7 II (Fig. 3 1) and 
a regular meiosis; an F^ plant from Bremen X 1107 also had 7 II. 
There was no trace of heteromorphy in any II, and the fertile F^ no 
doubt had only Whitneyi chromosomes. 

Hiorth has obtained the fertile F^ type 12 different times; it has 
appeared in the offspring from heterotrisoinic F^, disomic sterile F^ or 
the homotrisomic 1171. Plants belonging to eight of these lines have 
been investigated, they all had 7 II, in certain plants a weak asyndesis 
sometimes causing Ts was manifested. The segregation of the fertile 
type is normal. In several cases Hiorth, however, found too few F^ F^ 
plants. Grossing-over in F^ — Wi was normal (26 %). Some plants 
had a certain amount of pollen sterility (in one case 43 % ). 

Finally, the family 817 — 1943, the cross // X 1106/883, may be 
mentioned. The male parent 1106 had not been investigated; it was a 
sterile F^. The F^ plants in 817 showed a very different sterility. One 
plant had a pollen sterility of 7 % and had 7 II. One plant having a 
pollen sterility of 73 % was a trisoinic with a heterochain. Elimination 
was rather frequent at anaphase 1, and bridges were seen. A third 
plant (2269/817) with a sterility of 38 % was a trisomic that formed a 
chain of chromosomes of rather equal size. One of these chromosomes 
was rather often univalent and could be eliminated at anaphase 1. In 
a letter Hiorth has communicated the results of crossings with this 
plant. Selling of 2669 has given 13 F^ Wi : 2 F^ iih : 10 / Wi : 26 / zui, 
and / iih X 2669/817 gave 56 F^ Wi : 5 F^ Wi : 19 / Wi : 176 / lUi. Several 
F^ plants in the offspring showed a similarity to G. amoena. Hiorth 
finds these results indicate that 2669 is a F^ of the fertile type. The 
configuration-of-three was, as a rule, a chain having a rather large 
chromosome with a submedian centromere in the centre, the end- 
chromosomes being slighth'’ smaller. These latter are perhaps amoena 
chromosomes (Fig. 3ie). The same configuration must have been 
present in 1106/883. 

Conclusions. — With the production of a fertile F^ type the prohlem 
of transferring F^ to G. Whitneyi has been solved. To begin with, how- 
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ever, the interesting heterotrisomic type that first appeared in F\ 
will be discussed. The heterotrisomic cannot have more than \wo 
anwena chromosomes, the end-chromosomes of the heterochain. As a 
rule, it forms two kinds of fertile gones, F^ or Whitneyi gones having 
7 chromosomes including the chromosome in the centre of the hetero- 
chain, and F^^ gones having 8 cliromosomes including the end-chromo- 
somes of the chain. Elimination of the small chromosome must rather 
often cause the formation of gones having 7 chromosomes including the 
large end-chromosomes but lacking the small. The results show that 
such gones must be sterile. Also a gone with the small chromosome 
and Jiaving only 7 chromosomes is sterile, for no plant with 13 + the 
small chromosome has been found. Thus the two end-chromosomes 
in a way complement one another to substitute the Whitneyi chromo- 
some of the heterochain and give a fertile gone. As most sterile F^ 
plants had the small chromosonie, one might be inclined to think that 
the gene F^^ is in the small chromosome. However, this does not seem 
to he the case, F^ having the small chromosome has been found, and 
also F^ (sterile) lacking the small chromosome. A view more in 
harmony with the observations is that F^^ has its locus in the larger 
end-chromosome — the presence of the small chromosome in most 
plants is a result of the distribution of the chromosomes of the hetero- 
chain and of the fact that it supplements the F^ chromosome to give a 
fertile gamete, Hiorth designated the small chromosome 2.3’, the larger 
end-chromosome 1.6’, the Whitneyi chromosome being 1.2 (Fig, 4h The 
heterochain, thus, is 6M — 1.2 — 2.3’, the ends marked ’ are according to 
Hiorth not able to form a chiasma with corresponding Whitneiji seg- 
ments. The sterility of F^ gones with 7 chromosomes is due to the 
absence of segment 2. The chromosomes of G. Whitneyi have been 
numbered 1.2, 3.4, 5.6, and so on. One could never observe the hetero- 
chain in connection with any of the 6 Wliitneyi-lVs. This must mean 
that the free ends of the two amoena chromosomes tamiot form a 
chiasma with »homologous» Whitneyi ends 3 and 6. 

The assumption that the F alleles have not loci in the chain but in 
a bivalent, and that the chromosome of this bivalent must be supple- 
mented by the small chromosome, is in conflict with many facts. 
Then the III of F^ F^ f (plant 1171/889) would be composed of three 
identical chromosomes, which, however, is not the case. 

The small chromosome is more or less frequently unpaired. In 
view of its small size and of the fact that it comes from a foreign 
genome this is not surprising. In Fi the cori'esponding chromosome 
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was still more often univalent, or it could form a II with a chromosome 
from a different configuration-of-three; a heterochain was rare in Fj. 
The larger amoena chromosome was never unpaired in the heterotri- 
somic. But also in Fi it was probably rather rarely univalent: in Fi 
a regular crossing-over of the genes W\ and linked to F alleles is 
as high as in intraspecific crosses with races of Whit- 
ney i. This indicates a regular pairing between these 
chromosomes in the Fi hybrid; W \ — must have loci 
]iear the ends of the chromosome arms that form the 
chiasma, that is, near the end of the longer arms 1. An 
interchange must here be frequent, but it would by no 
means be surprising if the pairing of these arms was 
still more frequent in later generations, these inter- 
changes having made the long arm of the F^ chromo- 
some more similar to the homologous Wlutneyi arm. 

Frequent interchanges do not, however, occur in the 
part of the chromosomes containing loci of the F 
alleles. Exchanges between the larger end-chromosome and the Wlht- 
neyi chromosome of the chain perhaps also explain the absence of an 
interstitial chiasma in later generations. 

The pollen sterility of heterotrisomic F^ must be caused by the 
elimination of the small chromosome. However, many trisomics had a 
much higher pollen sterility than one would expect after the elimination 
observed. Hiorth assumes that secondary causes often increase this 
primary elimination sterility. The rather low number of F^ plants in 
the offspring is explained by the fact that F^ gones have + 1 chro- 
mosomes, two of them coming from a foreign species. When used as 
male parent, the heterotrisomic usually gives only slightly more than 
1 % F^; the transmission of F^ through the egg-cells is better, selling 
giving 12,2 %, 

At least in two cases an unusual distribution of chain chromosomes 
has resulted in aberrant plants, once an F^ having 14 Whitney i chro- 
mosomes and the small chromosome, and once an F^ having 14 Whit- 
neyi chromosomes and the F^ chromosome (plant 1171/889; p. 246). 
In the former case the small chromosome had passed to the same pole 
as the chromosome in the centre of the chain, in the latter case the 
larger end-chromosome had followed the chromosome in the centre. 
1171/889 was F^ F^ /, and it seemed unable to transmit the F^ chromo- 
some through the pollen. In crosses where 1171 is the male parent it 
has given 0 F^ F^ : 3 F^ : 222 F^ : 177 /. One F^^ was investigated; it 
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had 7 II and thus belonged to the fertile type lacking the chromo- 
some 1.6’. Probably the two not investigated also had 7 11. Selling 
1171 has given 8 : 110 non-F^; an F^ investigated had 7 11. It seems, 

however, probable that egg-cells having 7 Whitneyi- + the F^-chromo- 
some may function, though more rarely than egg-cells with 6 Whit- 
neyi- + the F^ + the small chromosome in lieterotrisomics. 

The fertile F^ plants had 7 II. No doubt the fertile type has only 
Whitneyi chromosomes, crossing-over in the heterochain having trans- 
ferred the gene F^ to the chromosome 1.2. In all plants with a chain 
having the F^ chromosome 1.6’ crossing-over could occur, and fertile 
F^ has been produced by disomic sterile F^, heterotrisomic F^^ and 
the »honiotrisomic» 1171, as one could expect. Relatively often it has 
appeared in crosses where heterotrisomic F^ was the male parent. 
Hiorth attributes this to the fact that the cross-over pollen grains 
must be more vital than the usual F^ grains with 8 chromosomes. How- 
ever, crossing-over must be very rare. Wi of the same linkage group 
had, as mentioned, more than 20 % crossing-over and this difference 
must iDe due to a different position of the genes, F alleles being nearer 
the centromere, Wi near the end of the long arm of the chromosomes 
(Fig. 4). It is improbable that F^^ has its locus in the short arm, no 
chiasma being observed there and these arms being of different size in 
1.2 and 1.6’. Hiorth has shown that in the fertile type F^ must be 
allelic to or show absolute linkage with F^ of Whitneyi, as crosses 
ff X F^ F^ have given 356 F^ / : 447 F^ f. In most crosses with the 
fertile type too few F^^ F^ plants appear; the transmission of F^^ is 
better through the pollen than through the egg-cells. 

On p. 247 reference is made to plant 2669/817, which segregates 
like the fertile type but has amoena chromosomes. There was prob- 
ably a cross-over chromosome in the pedigree, as also seems to be 
evident from the repeated production of fertile F^ plants. This chro- 
mosome was probably in the F’^ plant 3048 — 1941 (not investigated), 
3048 X F^ had produced 3 F^^ plants, one fertile (7 II), two very sterile. 
One of the sterile plants was mother of the heterotrisomic in 814 — 1943. 
The second sterile plant (1106) produced several fertile F^:s. In the 
offspring after selfing 1106 two F^:s with 7 II were found, and in 
/ X 1106 one heterotrisomic F^ and two having the gene F^ in a bi- 
valent. These facts are perhaps explicable on the assumption that 
3048 — 1941 had a heterochain with a cross-over chromosome in the 
centre and a second configuration, viz. the one shown in 2669/817. 

There is a disomic F^ type which is very sterile. Heterotrisomics 
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could also show a rather high pollen sterility but always had a much 
lower seed sterility. The disomies had. the heterochain, but a second 
configuration-of- three showed the presence of more amoena chromo- 
somes. This configuration is probably composed of 2 Whitneyi chro- 
mosomes and 1 amoena chromosome. It has been shown that in the 
offspring of disomies of this cytological type there may be plants 
with the same pairing, heterotrisomics, »homotrisomics» and fertile 
F^:s. If the end-chromosomes of the heterochain and the two Whitneyi 
chromosomes in the second configuration-of-three go to the same pole, 
gones are formed giving heterotrisomic F^ in the backcross. If it is the 
amoena chromosome of the second configuration that follows the end- 
chromosomes of the heterochain, then a plant like the mother is formed. 
The amoena chromosomes are no doubt the cause that F^ gones function 
much more rarely than F^ gones having 7 Whitneyi chromosomes. 
In later generations disomic sterile F^ plants seem to be rare, and such 
plants are of course never formed by heterotrisomic F^. 

Hiorth has preliminarily numbered the chromosome ends in the 
second configuration as 3.4 — 4.5 — 5.6, the chromosome 4.5 being from 
amoena. This configuration could not be studied so well as the hetero- 
chain; it is more instabile and may show a triple chiasma, indicating 
a more complicate structure than these numbers show. A number of 
the plants that have been used in crosses and that Hiorth considers to 
he of the disomic, sterile type have not been investigated. All disomic 
sterile F^ plants do not show this pairing; some perhaps had more than 
three amoena chromosomes. The second configuration is different from 
the homochain in Fi and / C®P. 

The small chromosome may have a different size. It cannot be 
doubted that in F\ — F’^ it is smaller in most families than in Fi. In a 
pedigree coming from plant 3051/795 — 1941 it was particularly small. 
Plere the mother plant must have a chromosome of diminished size. 
The cause of this variation in size of the small chromosome is perhaps 
an exchange with the chromosome in the centre, this exchange being 
unequal. Exchanges between these two chromosomes may also explain 
the fact that a chain with a small chromosome that is rather rarely 
formed in Fi is more often observed in certain plants of F\ and still 
more often in later backcross generations. A second cause of the rareness 
of heterochains in Fi and certain F’o plants is that the small chromo- 
some sometimes forms a bivalent with a larger chromosome from a 
homochain or III. Such a behaviour of the small chromosome was not 
observed in Fh — F\, the second configuration-of-three of these di- 
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somics is, as it seems, not identical with the homochaiii or III so often 
observed in Fi or iR / Ft and F'^ one would sometimes 

expect a chain-of-six; such a configuration has, however, not been 
observed. 

Exchanges between rimoena and Whitneyi chromosomes in the 
heterochain might thus give an explanation not onl}^ of the better 
pairing but also of the size reduction of tlie small chromosome. But 
unequal exchanges should also give rise to a »small» chromosome in- 
creased in size. ^^Hiether such an increase has actually occurred is 
not clear. 

Two amoena chromosomes have caused pollen sterility in back- 
crosses to Whitneyi, the F^ chromosome and the C^P chromosome. I'he 
former is a member of a heterochain and thus stiaicturally different 
from homologous Whitneyi chromosomes, the latter is also structurally 
different, being ver}^ probably a member of a chain-of-three or -four. 

Dobzhansky speaks of two different kinds of hybrid sterility, genic 
and chromosomal. At first the sterility of the F^^ plants in the crosses 
seemed to he a genic sterility; it is, however, a case of chromosomal 
sterility, crossing-over of the gene to a Whitneyi chromosome having 
removed the cause of sterility. 

Probably still more amoena chromosomes produce sterility when 
introduced into the Whitneyi genome. Other amoena chromosomes 
may be structurally similar to and regularly pair with the corresponding 
Whitneyi chromosome. This is probable also from the fact that the 
number of Ts in Ft is always low, and some IFs seem to be strictly 
homomorphic. Such chromosomes may easily replace homologous 
Whitneyi chromosomes. But clearly the important morphological spec- 
ies differences in amoena — Whitneyi have no loci in such easily inter- 
changed chromosomes. It is true that many structural differences may 
occur in intraspecific races or hybrids in G. Whitneyi, but the rather 
constant ring formation and a regular assortment of ring chromosomes 
here results in fertile gones. In the interspecific crosses larger rings are 
not formed, certain ^homologous » segments often or always being un- 
paired and the result being a more independent distribution of the 
structurally different chromosomes leading to liaplontic sterility. It 
has been mentioned that Hiorth considers the pairing 2 II + ring-of- 
four + ring-of-six as that which would be shown by amoena X Whit- 
neyi if all homologous ends were united at metaphase 1. The ring-of- 
four should contain the C^P chromosome, the ring-of-six the chro- 
mosomes of the two configurations-of-three in disomic sterile F^. 
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In. two cases chromosome changes not involving the small chro- 
mosome had manifested themselves. One was a new inversion in F '2 
and the second was a reciprocal translocation involving the 6’ end in 
F\, Plant 3058, mentioned on p. 242, had a chain-of-five with 2 small 
end-chromosomes. One end-chromosome was probably 2.3’ and there- 
fore the F^ chromosome should be the chromosome in the centre of 
the chain. This chromosome is (a) larger than the normal F^ chro- 
mosome 1.6’ and has a submedian centromere, (b) forms a chiasma in 
both its arms. These facts speak in favour of the view that the chro- 
mosome 1.6’ has made a reciprocal exchange involving the end 6’ that 
now should belong to the second end-chromosome. 


SOME NEW CASES OF SPONTANEOUS CHROMOSOME 
CHANGES IN GODETIA* 

That the chromosomes of Godetia must be very liable to structural 
changes is already indicated by the common occurrence of rings or 
chains at metaphase 1. More rare than reciprocal translocations are 
inversions. Fragmentations or deletions where a chromosome shows a 
reduced size while a corresponding increase in size in other chromo- 
somes could not be observed, have been found after X-raying. Hiorth 
produced aberrant plants of G. Whitneyi by pollination with X-rayed 
pollen. Three aberrants had a diminished chromosome (Hakansson, 
1940). One was a trisomic with a very small chromosome that some- 
times formed a hetero-III with two chromosomes of normal size. Two 
were disomies that often formed a betero-II; in one of them the frag- 
mented chromosome was very small. A spontaneous chromosome frag- 
mentation has been found in the allotrisomic Rn (Hakansson, 1941), 
and some new cases of this type will be described here because they 
Avere accompanied by certain genetical peculiarities. 

Backcrossings of the type [Godetia deflexa X G. Whitneyi) X 
G. Whitneyi have produced several different allotrisomic types having 
14 Whitneyi chromosomes and 1 deflexa chromosome (Hiorth, 1946 a). 
At first metaphase they have the pairing 7 II + I (Hakansson, 1941). 
They are similar to G. Whitneyi but show certain morphological charact- 
ers from deflexa. Each of them must have a different deflexa chromo- 
some and is called after the most striking deflexa character shown. 

The allotrisomics described by Hiorth are: (1) Kl (— kleinbliitig) has small 
flowers, a very high pollen sterility (98 %), in if/ 2 X normal cf there is an excess 
of Kl plants (62 instead of 50 %), (2) Rn (= rotnervig), the middle rib of the leaves 
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has a red colour; Rn § X normal (f gives too few Rn plants (11,8 %); in normal 
5 X Rn c? appear. X-raying the pollen of Rn has produced a trans- 

location called Rn\ a segment of the dcflexa chromosome had been translocated to 
a Whitncyi chromosome. A’n* has only 14 chromosomes and forms 7 11, one of 
them a hetero-ll (Hakansson, 1913), In Rn\ 2 X normal cT a much higher number 
of plants appear with red ribs on the leaves (39,9 %), in normal 2 X Rn^ c? 10,9 %, 
Homozygous Rn is unknown. Rn^ Rn^ is, however, vital. It has no hetero-II 
(Hakansson, 1944) and is a rather weak type, having smaller flowers and leaves 
than and being only about half the height of heterozygous RnK (3) Pii punktiert) 
has violet points on the petals. In Pu 2 X normal (f only 6,9 % are Pu, and in 
crosses of the type normal 2 ^ cT there is only 0,13 % Pu. Spare pollination, 
which in the cross normal 2 X Rn considerably increases the frequency of Rn, 
is of no influence here. Hiorth suggests as an explanation that the growth of the 
pollen tube is entirely dependent on the tube nucleus, that Pii is lethal to the tube, 
and that the few Pu plants formed are the result of an elimination of the Pu chro- 
mosome at the first pollen mitosis, with the result that a Pu chromosome is present 
in the generative nucleus but not in the tube nucleus. 

A plant with a diminished chromosome was detected in from 
a cross between Kl and a recessive Whitneyi strain gg . gg plants have 
a green-light red stem, while G causes a red stem colour. In Kl GG X gg 
one of the disomic Ft plants had, however, a green stem showing the 
recessive character (Hiorth, 1946 a). This plant was a variant having 
reduced size and buds, more hairy than usual. The cytological invest- 
igation showed that this i:)lant had 14 chromosomes, one of them being 
very small. In Fig. 5 ^ is a plate from a young petal; the small chro- 
mosome is about Vi ^ normal chromosome. Figs. 5 a — c show the 
chromosome pairing at metaphase 1. In the fragment chromosome 
is paired with a normal chromosome. However, in most p.m.c’s the 
fragment chromosome is unpaired; in Fig. 5 a there is 6 II + I + fr., 
and in c chain-of-three + 5 II + fr. Fig. 5 d shows late anaphase 1; 
the fragment chromosome is belated. It may be added that in a few 
loculi the fr. chromosome seemed to be absent, indicating that it had 
been eliminated at mitosis. 

It is clear that this fragment chromosome has been formed by a 
maternal G chromosome which has lost most of its substance, including 
the gene G. 

A second case of a spontaneous chromosome fragmentation is in 
Rn Hiorth has crossed this form and the standard race Bremen. 

In Rn^Rn^^ X Bremen cf all Fi plants (1000) were Rn\ as expected. 
Three of them were investigated and the heteromorphic H that charact- 
erizes heterozygous Rn^ could be observed in all. Reciprocal crosses, 
Bremen 9 X Cf, gave progenies of 2003 plants; however, no 

fewer than 54 had a green rib on the leaves, thus unexpectedly showing 
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the recessive character. I have investigated ten of these aberrant plants. 
Tw^o of them were haploids (the haploidy was suspected by Hiorth); 
they have arisen by parthenogenesis. Eight of them were disomies with 
7 normal IPs; no hetero-II could be observed. It is clear that the trans- 
located deflexa segment is not present in the aberrant Ft plants with 
green ribs on the leaves. In the homozygote Rn^ Rn^ the Whitneyi chro- 
mosome carrying the deflexa segment is liable to changes leading to the 
loss of this segment. 



Fig. 5. a — e. Allotrisomic KlGG^gg Fx, gy plant. — a: 6 II -r I -f- fr. — b: 7 11. 
— c: III + 5 II + fr. — d: elimination of fr. chromosome at first anaphase. — 
e: somatic plate. — / — li. G. Whitneyi, trisomic Cp^ plant with Cp« fragment chro- 
mosome. — /: somatic plate. — g: 6 II -f 2 I + fr. — h: hetero-III. 

Two of the green-ribbed plants were semisterile. Hiorth suggests 
that this sterility can be explained by the assumption that a minor part 
of the WhUneyi chromosome Avas lost at the same time as the deflexa 
segment. In several plants a number of the p.m.c’s had 6 II + 2 L 
This was also found in 15 % of the p.m.c’s of Rn^ Rn\ The cause of 
this asyndesis is not clear. A strange effect of the rather frequent loss 
of the deflexa segment is that homozygous Rii^ is not quite constant. 
In the progeny of Rn^ Rn^ Hiorth detected some Rn^ heterozygotes, that 
is, plants distinctly larger than the homozygotes. Selling of these larger 
plants resulted in an offspring segregating in plants with red and with 
green ribs, and thus the forming of Rn^ heterozygotes from Rnf homo- 
zygotes is proved. 
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It is interesting that the foreign segment seems to be rather loosely 
attached to the Whitneyi chromosome. Probably the loss of the seg- 
ment occurs at meiosis in the p.m.c., but this has not actually been 
observed in the slides. There is so far no evidence that the segment 
also may be lost in the e.m.c. Hiorth, however, stresses the fact that 
pollen tubes with Rn^ do not function so well as normal tubes, back- 
crosses with the heterozygote as male parent giving only 10,9 % Rn^ 
instead of, as expected, 50 % . Loss of the segment may thus give rise 
to pollen grains functioning far better than the Rn^ grams, and relatively 
many plants with a green midrib are the result. That no such plants 
appear in crosses where Rn^ Rr!^ is the female parent could largely be 
explained as a result of the absence of such a concurrence in the 
female sex. 

A third case of fragmentation of a genetically marked chi'omosome 
is known from the crosses of Hiorth with Whitneyi plants having the 
dominant gene CP^ (PIiorth, 1946 c). CP^ causes certain patterns on 
the cotyledons, their base having a reddish violet colour and a red arrow 
appearing higher on the cotyledon. Very young leaf buds are also 
reddish. Most Cp^ are monosomic complex heterozygotes a . g having 
the pairing 4 II + 1 + chain-of-four, a being the standard complex of 
G. Whitneyi, g being a complex with only 6 chromosomes. CP^ has its 
locus in a g chromosome of the chain, and the frequent elimination of 
the I, which is an a chromosome, results in a great excess of CP^ in 
crosses Cp^ X c c. There is, however, a disomic CP^ with the pairing 

5 II + chain-of-four that showed a normal segregation of CP^ in female 
backcrosses. Now, a third CP*^ type has been found which in such 
crosses gives only few CP^ plants. This type is trisomic with the pairing 

6 II + III or 7 II + I, and no doubt is a . a + the chromosome. It 
must have arisen through a non-disjunction in a monosomic, the CP^^ 
chromosome having followed the a chromosomes of the chain. Four CP^^ 
j)lants in the offspring of a cross with this new type were investigated. 
Three plants show^ed an extra chromosome of normal size; in one, how- 
ever, there was only a fragment chromosome about ^/4 the size of the 
normal chromosome (Fig. 5 /). In most p.m.c’s the fr. chromosome 
was unpaired (Fig. 5g), though it could form a hetero-III with two 
normal chromosomes (Fig. 5 h), but no hetero-II was observed. These 
facts make it probable that the small chromosome is a fragment of the 
CP^ chromosome still containing the gene CP^. Elimination of the small 
chromosome was not infrequent at anaphase I. 

Hiorth has had progenies of the plants that had been studied 
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cytologically. The fragment plant showed a better pollen and seed 
fertility than the plants with a normal CP^ chromosome, although the 
segregation was very similar to that of the latter plants. This was 
perhaps unexpected: ». . . man sollte annehmen, dass Gameten mit 
Fragment besser funktionstiichtig sind, als solche mit einem ganzen 
iiberzahligen Chromosom. Dies diirfte indessen durch eine hohere 
Elimination des Fragmentes ansgeglichen werden» (Hiobth). The 
family originating from the fragment plant cuuld only be studied by 
Hiorth in the seed bed. Cp^ plants here showed a striking peculiarity. 
The cotyledon pattern was more marked than usual, and all seedlings 
had one or more green sectors surrounded by reddish-violet tissue. One 
seedling had a violet and a green cotyledon. In the three sister families 
having a normal CP^ chromosome no seedling showed any green sector. 
These facts seem to prove that it was the CP^ chromosome that had been 
fragmented. The green sectors must have arisen through somatic 
elimination of CP^. The fragment chromosome must be rather fre- 
quently eliminated at mitosis, while a normal CP‘^ chromosome is not 
eliminated. A study of the process of elimination was not attempted 
because no fixation of root tips could be procured. Thus, the cause of 
this different behaviour of the changed CP^ chromosome cannot be 
discussed. 


CONCLUSIONS. 

Several cases of spontaneous chromosome changes have been found 
during cytological investigations of the plants in the successive back- 
cross generations, others have been detected after an investigation of 
material that had shown an aberrant genetical behaviour. In the spec- 
ies cross a change had once been brought about through a reciprocal 
translocation between the larger end-chromosome of the heterochain 
and a chromosome not belonging to this chain; probably an inversion 
had also occurred. Investigation of the genetically aberrant material 
has shown sure cases of fragmentation: in Rn^ Rn^ the translocated 
foreign segment is comparatively often lost, while the small fragment 
chromosomes in Kl and trisomic CP^ are also the result of fragmentation. 
On the other hand, the variation in size of the cliromosome 2.3’ in the 
species cross was more consistent with the view that it was the result 
of exchanges between the chromosomes in a hetero-III. 

A few examples of spontaneous chromosome changes that have 
arisen in species crosses may be given. Sveshnikova (1936) investigated 
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Vicia sativa (n = 6) X V. amphicarpa {n = 5 ), Fi sometimes formed 
a hetero-III, the small F chromosome from sativa being paired with 
the A chromosomes from the two species. In later generations new 
chromosomes were observed. One of the Fo plants had two »unusiial» 
chromosomes, one of them a very small F, the other an enlarged A, 
The new chromosomes must have been formed through an interchange 
between »non”homologous» chromosomes in the III. Plants in later 
generations had only one of the changed chromosomes and none of 
them was homozygous for any of these chromosomes, indicating homo- 
zygous lethality. Kostoff (1939) found in later generations of amphi- 
diploid Nicotiana glauca X N. Langsdorfii one F?, plant and one F4 
plant with new chromosomes. He is of the opinion that the new chro- 
mosomes have arisen through unequal crossing-over, multivalents being 
frequent. ToBGY (1943, p, 103) mentions the occurrence of new chro- 
mosomes in Fo of Crepis neglecta X C. fiiUginosa, The pairing in Fi 
was good but paired chromosomes were very different in size or form; 
hetero-III’s and hetero-lV’s were frequent. 

The interesting studies ofWESTERGAARD (1946) on aberrant forms of 
M elandrium have given examples of chromosomes changed through frag- 
mentation or through exchange of segments. Westergaard (cf. also 
Warmke, 1946) has found three different aberrant Y chromosomes in 
the offspring of triploid M elandrium. One was a terminal fragmentation 
of the so-called differential arm of the Y chromosome, one was a frag- 
mentation in the homologous arm, that is, the arm that forms a chiasma 
with the X chromosome. The third aberrant Y was the result of an 
exchange between the differential arms of Y and X. Plants having 
aberrant Y chromosomes are intersexual or male sterile. 

The frequency of spontaneous chromosome changes is no doubt 
difficult to estimate. If they are accompanied by phenotypical changes, 
as in Melaudrium or Kl and Rn^ in Godetia, they have a great chance 
of being detected, if not, the chance is small unless, as in species 
crosses, many plants are investigated. But even if one takes into con- 
sideration these facts, it cannot be doubted that exchanges between 
chromosomes which are structurally different are the most important 
cause of the appearance of chromosomes of a new size or form; it 
seems that such exchanges are facilitated in hetero-multivalents. 

The new chromosomes may have unusual properties. In Rn^ RiA 
a Whitneyi chromosome having a translocated deflexa segment shows 
a relatively high frequency of spontaneous changes; the foreign seg- 
ment is rather often lost. The fragment chromosome carrying is 
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often eliminated at mitosis, as was shown by green sectors on the seed- 
lings. The small chromosome that had arisen through a fragmentation 
of the chromosome carrying G also seems to be eliminated at mitosis. 


SUMMARY. 

The cytological investigation of Godetia plants from the cultures of 
Dr. Gunnar Hiorth, Vollebekk, Norway, has shown several cases of 
spontaneous chromosome changes. 

In two cases chromosome fragmentation explains the unexpected 
appearance of the recessive character in heteroz^^gotes, a segment with 
the dominant allele being lost. A Whitneyi chromosome with a deflexci 
segment is rather often fragmented, the foreign segment being lost. A 
fragment chromosome carrying CP^ is often eliminated at mitosis. 

Dr. Hiorth tried to transfer the petal spot from G. amoena to 
G. Whitneyi by means of backcrossing for successive generations the Fi 
hybrid to G. Whitneyi. All plants in the first backcross generation 
F\ were very sterile, and their chromosome pairings showed the presence 
of several amoena chromosomes. Later generations showed different 
F^ types. The heterotrisomic type appeared for the first time in F\ 
and had a certain amount of sterility and 6 II --1- heterochain-of-three. 
It had 13 Whitneyi and 2 amoena chromosomes, i. e. the end-chromo- 
somes of the chain. The larger end-chromosome is the F^ chromosome, 
but it must be supplemented by the small end-chromosome to give a 
fertile gone. One trisomic plant had a chain or III consisting of the F^ 
chromosome and two Whitneyi chromosomes. Still more sterile is a 
disomic F^ type. This must have at least three amoena chromosomes, 
for it forms the heterochain and a second configuration-of-three. Ex- 
changes in the heterochain are probably the explanation of the fact that 
the small chromosome changes its size; in one family it vras particularly 
small. The greater constancy of the heterochain in later generations is 
perhaps also a result of exchanges. Of rare occurrence is a fertile F^ 
type. It has 7 II and a regular meiosis. Here, F^ must have been trans- 
ferred through crossing-over to the Whitneyi chromosome in the centre 
of the chain. Thus, the petal spot F^ is transferred to the species Whit- 
neyi by a rare crossing-over in a heterochain. The gene C®P from 
amoena is also followed by sterility in similar crosses, and meiosis in 
an / C^P plant in F\ showed the presence of a homochain, indicating 
chromosomal sterility. 
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HETEROCHROMATIC B-CHROMOSOMES 
IN ANTHOXANTHUM 

BY G. OSTERGREN 

INSTITUTE OF GENETICS, LUND, SWEDEN 


1. INTRODUCTION* 

I N a preliminary note by the present writer (1942) on the chromosome 
numbers in the grass genus Anthoxanthum it was reported that some 
plants of A, aristatum had, in addition to the normal 10 chromosomes, 
also 2 — 3 extra »fragments>. 

The population in which this was found was more thoroughly in- 
vestigated later on, and the results thus obtained will now be described. 
The possibility suggested by Ostergren (1945) that such extra chromo- 
somes lead a kind of parasitic existence in the populations will also be 
given a renewed analysis in this connection. 

There are many names which have been given to such super- 
numerary chromosomes as are not homologous with those of the normal 
complement and as exist in equilibrium in the populations. Naturally, 
every investigator is at liberty to adopt a name of his own choice for 
those extra chromosomes which he has discovered. I have » baptized >> 
them B'Chromosomes in my Anthoxanthum case. The reason for this 
is that they probably constitute a somewhat related case to the super- 
numerary chromosomes of maize, which are well-known to all genetic- 
ists under this name. Darlington and Thomas (1941) have also 
adopted this name for the heterochromatic extra chromosomes studied 
by them in Sorghum piirpureo-sericeium The name »accessory chro- 
mosomes» suggested by Muntzing (1945) and Hakansson (1945) and 
also used previously in the literature (e. g., Coleman, 1943, p. 7) is also 
a suitable term. » Extra fragment chromosomes », however, is un- 
doubtedly a term which is not appropriate at all for such cases as the 
present one, as it easily leads to the misunderstanding that the chromo- 
somes have originated from the normal complement by simple frag- 
mentation, a view that can be demonstrated to be wrong. 

11. MATERIAL AND METHODS* 

The species of the genus Anthoxanthum are typical cross-fertilizers, 
a fact demonstrated by (1) their floAver biology (protogyny), (2) the 
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high variability of single plant progenies, and (3) the poor seed form- 
ation on isolation. 

The material of Anthoxantlnim aristatiim containing these B- 
chromosomes was received from the Botanical Garden of Coimbra, 
which had collected the seeds on wild plants in Portugal. A comparison 
of my plants with the descriptions of the Portuguese Anthoxanthiim 
species by Coutinho (1939) shows that they undoubtedly belong to the 
species A. aristatum Boiss. 

During the study of meiosis in the plants with B-chromosomes it 
was found of value to compare the behaviour of B-univalents with that 
of univalent chromosomes of the normal complement. Such univalents 
(from non-pairing in normal diploids) are occasionally found in plants 
of the same material, but to get a bigger material of normal univalents 
trisomic plants of another Anthoxanihiim population were studied. In 
material of Anihoxantlmm aristatum from the Botanical Garden of 
Nancy (France) an autotriploid plant was obtained in the progeny of 
acenaphthene-treated material. This triploid was crossed with diploids 
of the same population and in this way trisomic plants were obtained. 

This Anthoxanthiim population from Nancy is morphologically 
very different from the Coimbra material, but the two types are easily 
crossed and give a hybrid of good fertility, so it is likely that they belong 
to the same species. This taxonomic question, however, although not 
very important in the present connection, should be analysed more 
thoroughly before definite statements are made in this respect. Anyhow, 
the two types are closely related, and a comparison is therefore jus tif iable. 

The root tips were usually fixed in chrome-acetic-fornialiu (the 
Navashin modification by Muntzing, 1933, p. 131). For chromosome 
morphological study root tips of a few plants were fixed in Levitsky’s 
fixative (10 % formalin + 1 % chromic acid, equal parts). For study 
of meiosis the panicles were fixed in chrome-acetic-formalin after pre- 
fixing in acetic alcohol (1 : 3). The microtome sections of panicles and 
root tips were stained with crystal violet or (in a few cases) by the 
Feulgen method. The first pollen mitoses were studied in acetocarmine 
smears and also in material fixed in acetic alcohol, sectioned on a 
microtome and stained with Feulgen. 

III. CYTOLOGICAL RESULTS. 

1. CHROMOSOME MORPHOLOGY* 

A few fixations of root tips from the Coimbra material were made 
in Levitsky’s fixative in order to give information concerning the chro- 



B-CHROMOSOMES IN ANTHOXANTHUM 


263 


mosome morphology. Measurements of the chromosomes by the usual 
method (Levitsky, 1931 ) were undertakeii on a slide with 2n = 10 + 2 B. 
Seven metaphase plates were measured. 

The chromosomes of the normal comple- 
ment apparently belong to only two mor- 
phologically different types; in the haploid 
set of five chromosomes there are three 
with a secondary constriction and two 
without. The result of these measure- 
ments is given schematically in Fig. 2, 
where a B-chromosome is also depicted. 

Fig. 1 is a LEViTSKY-fixed metaphase from 
a plant with 2n = 10 + 3 B. The B-chro- 
mosomes in this material belong either to 
the » standard type» or to the » iso-chro- 
mosome type» (cf. below). Which of 
these types they actualW belong to cannot 
be determined, as only root tips were 
seen of these plants. The chromosomes 
of the normal set are about 6 /ll and those 
of the B type about 4 jll in length. Of 
course, it is very likely that the three chro- 
mosomes with the secondary constriction 

are in reality slightly different from one another in morphology and 
that the same is the case with the other type, but these differences are 
too small to be ascertained. 



10 ~h 3 B. At least 4 of the 6 
secondary constrictions are of 
SAT-type. All chromosomes with 
secondary constrictions, how- 
ever, have preliminarily been 
marked SAT in the figure. 
Fixative: Levitsky, — X 3000. 


10 /A. 



Fig. 2, scheme of the morphology of the haploid chromosome set plus a B-chromo- 
some in A. aristatum. 

At least two of the three chromosomes with secondary constrictions 
are SAT-chromosomes, concerned with the formation of nucleoli, as 
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sometimes 4 nucleoli have been seen in the root-tip nuclei. As, how- 
ever, nucleoli have a strong tendency to fuse, it is quite possible that all 
three of them are of SAT-type, and all the chromosomes with secondary 
constriction have preliminarily been marked »SAT» in Fig. 1. 

The numerous fixations in chrome-acetic-formalin, although less 
clear in this respect, give definite support to the above chromosome 
morphological scheme. 

The chromosome morphology of the Nancy type has not been 
analysed in detail, but so much is obvious that it is clearly different 
from the Coimbra material. 

2. FREQUENCY AND TYPES OF B-CHROMOSOMES* 

The Anthoxantbum population from Coimbra contained B-chro- 
mosomes of the following three types: 

(1) Standards type. — These chromosomes are about 4 p in length 
at mitosis and their two arms are of the same length. 

(2) Iso-chromosomes. — These are morphologically quite similar 
to the preceding type, but they differ from it in their behaviour during 
meiosis, where their two arms are able to pair with one another, thus 
giving ring-shaped univalents. 

(3) Very small chromosomes. — These have only been seen in 
meiosis, where they appear as small round dots (Figs. 25 — ^27). 

The two first types are rather similar to one another. To 
distinguish between them requires a careful study of meiosis, and in 
cases of very strong chromosome contraction even this may not be 
sufficient, as then the rod univalents may also appear to be round like 
the rings of iso-univalents. (The chromosome contraction at meiosis 
is highly variable in this material.) Consequently, it is not possible 
always to state to which of these two types a B-chromosoine belongs. 

The standard type seems to be the commonest one. That is why I 
have called it standard. But it may of course be possible that a study 
of more extensive material will show that some other type is even more 
common. 

The chromosomes of the third type have been very little studied, 
so all descriptions below will refer to the first two types, unless other- 
wise is stated. 

The frequency of the various types of B-chromosonies was studied 
in meiosis of plants derived from the original seed sample, and the 
result was as follows: 
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0 B\ 12 plants. 

1 B. 4: plants. Two of them have standard B’s and the two others 
have B’s of the very small type. 

2 B: 2 plants. Both have standard B’s. One of them had 2 B’s 
in all studied parts, the other was a cliimaera having 1 B in one flower 
and 2 B’s in another. 

3 B: 1 plant. It seems that all chromosomes are of standard type. 

4 B: S plants. One seems to have all four chromosomes of the 
standard type; the second has at least two of iso-type, the rest of them 
may be iso- or standard chromosomes; the third has at least one iso- 
chromosome -j- two of iso- or standard type and its fourth chromosome 
of the very small type. 

Thus, out of 22 plants there were 10 which had one or more B- 
chromosomes. It may, however, be a little dubious whether this 
determination is a reliable estimate of the frequency of B-chromosomes 
in the wild population. Firstly, of course, the number of plants studied 
is rather small, and, secondly, nothing is known as to whether the seed 
sample had been collected from many plants or perhaps only from a 
single one. 

However, it is rather likely that they are common. If they were 
not, there should have been only a small chance of getting, as I did, 
three different types in so small a sample. 

3. HETEROCHROMATY OF THE B-CHROMOSOMES. 

As the accessory chromosomes of some plants are known to be 
heterochromatic (e. g., Zea mays, Sorghum purpureo-sericeiim and 
Narcissus Bulb oc odium], it was of some interest to see whether this is 
the case in Antlioxantliiim as well. My first impression was that it was 
not, but later on I got clear evidence of the heterochromatic nature of 
the accessory chromosomes in the present material. 

There are some knowm facts and hypotheses concerning the genetic 
and physiologic properties of heterochromatin, but it should not be for- 
gotten that heterochromatin is primarily a morphological concept, as 
already pointed out by Heitz (1928, p. 765) in his original definition of 
heterochromatin. 

Here the slightly improved definition of Heitz (1932, pp. 626 — 627) may be 
given: »Als Heterochromatin bezeichne ich also ein in der Grundsubstanz des Ruhe- 
kerns sichtbar vorhandenes, in Bezug aiif die Langsrichtung des Chromosoms he- 
stimmt gelegenes Stiick desselben, welches mindestens in der Telo- und Prophase, 
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manchmal aiich in der Ana- und Metaphase starker farb)3ar ist als die iibrigen Stiicke, 
als das die Grundstruktiir bildende Euchromatin,» 

A fact already recognized in Heitz’s original paper (1928) should also be pointed 
out. viz. that the heterochromatic behaviour may sometimes be manifested in all 
nuclei or divisions and that in other cases it may be restricted only to special phases 
in the life cycle of an organism. 

Later on, it turned out that chromosome parts which exhibit overstaining 
(positive heteropycnosis) at some stage, and thus are in agreement with Heitz’s 
definition, may still differ from this definition by manifesting an understaining 
(negative heteropycnosis) at some other stage. (The terms positive and negative 
heteropycnosis are due to White, 1935, p. 66.) 

A common view of what heterochromatin is may now be expressed in the 
words of White (1945): »It will be convenient to use the term heterochromatic to 
describe any chromosomal region which becomes heteropycnotic at some stage in its 
cycle. Chromosomal regions which never under any circumstances show hetero- 
pycnosis may be called euchromaticy> (1. c., p. 28). 

The recognition that negative lieteropycnosis should also be ranked among the 
heterochromatic phenomena may very well make the groups »heterochromatin» and 
:> secondary constrictions » confluent. (Gf. also the speculations of Klingstedt, 1941, 
pp. 171 and 173.) 

The heterochromatiii of my Anthoxanthiim material has only been 
studied in the root tips. The normal complement of Anthoxanthum 
aristatum also contains some heterochromatin, forming a number of 
small overstained bodies in the resting nuclei. In rare cases these may 
by chance have been brought in a position close to one another, so that 
they together form a somewhat larger body. In the plants with B- 
chroniosomes, however, larger heterochromatic bodies of this kind are 
much more common, and they increase in frequency with an increasing 
number of B’s in the plant. It would be expected that these big 
chromocentres would be equal in number to the B’s of the plant; and 
cells having that number of chromocentres can also be found (e. g., 
Figs. 3 — 4). In most cells of plants having more than one B, the number 
of chromocentres is, however, lower than expected. This is undoubtedly 
due to a close association of B’s with one another, whereby they form 
joint chroniocentres. 

In the root-tip prophases the change of these chromocentres into 
mitotic B-chromosomes can be followed. In the prophases, too, they 
o^n^how a stronger staining than the normal complement. Further- 
more, it can be seen here that the B’s quite often lie very close to one 
another (Fig. 5), an observation that confirms the above view as to the 
reason the chromocentres in the resting nuclei are often fewer in number 
than the B-chromosomes at metaphase. 
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This type of association can also frequently be found within a 
single chromosome, its two arms associating with one another. 

Such a close association of heterochromatic parts is a fact also 
known from many other organisms. A well-known example is the 
chromocentre in the salivary gland nuclei of Drosophila, Geitler 
(1939) also found that the heterochromatic y-chromosomes in various 
Heteroptera often formed a joint chromocentre in polysomatic nuclei. 
Fusion of heterochromatic bodies in Fritillaria was reported by Dar- 
lington and La Cour (1941), 

The degree of heteropycnosis in the resting nuclei is very variable 
in my material. In some plants it is much more pronounced than in 
others. Furthermore, there is a very characteristic difference between 
cells in the same root tip. The heterochromatin is much more easily 



Figs. 3 — 5, positive heteropycnosis of B-chromosomes in root-tip cells of a plant with 
2 B’s. — Figs. 3 — 4, resting nuclei. — Fig. 5, prophase. — X 2700. 

seen in somewhat older cells (in the higher regions of the root) than 
in the young vigorously growing meristematic cells. 

This difference is not only due to the fact that the euchromatin is 
more weakly staining in the older cells, but it actually also seems that 
the B-chromosomes are more diffuse and weakly staining in the resting 
nuclei of the younger cells than in the older ones. 

The B-chromosomes also show a differential pycnosis at metaphase, 
but then the difference is of the opposite kind, they are narrower than 
the normal chromosomes (negative heteropycnosis). This is especially 
clear in cold-treated plants (Figs. 9 — 11) but a slight difference of this 
type also exists at normal temperature (Figs. 6 — 8). It might be 
suggested that the more pronounced negative heteropycnosis at low 
temperature is due to a » differential reactivity» of the same type as 
that found by Darlington and La Cour (1938, 1940, 1941) for seg- 
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ments of the normal chromosomes in Paris, Trillium and Fritillaria, by 
Geitler (1940) in Adoxa, by Levan (1942) in Secale, and by Callan 
(1942) in Triton. The negative heteropycnosis in my case, however, 
seemed to he visible even at normal temperature, and it is possible that 
its clearer visibility at low temperature may be due simply to the fact 
that differences in width are more easily seen when the absolute width 
of normal as well as B-chroinosomes is larger because of the cold con- 
traction. Hence it need not necessarily mean a differential reaction to low 



Figs. 6 — 11, negative heteropycnosis of B-chromosomes in root-tip mitoses of a plant 
with one B at different temperatures. — Figs. 6 — 8, ordinary temperature (19^ C. at 
the time of fixation). — Figs. 9 — 11, cold treatment for four days at — 1,5° G. — 

X 2450. 

temperature, even if this is a likely interpretation. It should also be 
pointed out that the negative heteropycnosis is rather variable in my 
material (like the positive one) and that it is not always easily seen. 

There are other cases knowm of negative heteropycnosis at normal 
temperature, especially in am (White, 1935, 1940; Geitler, 1937; 
Klingstedt, 1941; and KoLLER, 1938)y Levan (1942) found that the 
differential segments of rye which could be made visible at metaphase 
by cold treatment could also be found at normal temperature in a 
haploid rye plant, and he concludes that the lower viability of the 
haploid obviously acts here in the same manner as cold treatment 
(1. c., p. 182). 
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The B“Chromosomes of Anthoxanthiim do not seem to be hetero- 
pycnotic during the meiotic prophase. 

It is not known whether there is a difference in heteropycnotic be- 
haviour between the B-chromosomes of standard type and those of iso- 
type in my material. 

4. CONSTANCY OF THE B-CHROMOSOMES* 

Some cases are known where the number of accessory chromo- 
somes is changed during the development of the individual. Firstly, 
there are Sorghum parpuveo-sericetim (Darlington and Thomas, 1941) 
and a type of Poa alpina (Muntzing, 1946 b), in which plants the 
accessory chromosomes are regularly eliminated from the somatic 
tissues of the individuals (or at least their root tips) and only preserved 
in the germ-track. Secondly, there are cases where the accessory chro- 
mosomes seem to show a more general instability in number. This is 
known, e. g., in Tiilipa galatica (Darlington, 1937, p. 63, referring to 
unpublished results of Upcott). The B-chromosomes of maize also 
exhibit occasional changes in number during the development of the 
plants (Darlington and Upcott, 1941, p. 279). In this case it is also 
possible directly to see the aberrant behaviour of the B-chromosonies 
during the mitoses. They usually lie at the edge of the nietaphase plate 
and their centromeres may divide either before or after those of the 
normal chromosomes (Darlington and Upcott, 1. c.). This is regarded 
as due to a centromere weakness. 

My observations on the Anthoxanthuni material demonstrate that 
the B-chromosomes of standard and iso-type (which must be treated 
together, as they are indistinguishable in many cases) have rather a 
good constancy in the various parts of the plants; changes in number 
do occur but are relatively rare. 

Thus, in 86 plants in which the somatic number of B's (1 — 4) was 
determined, counts were made (in practically all cases) in at least three 
different roots of the same plant. These three roots gave the same 
number in all cases with the single exception of an entirely tetraploid 
root where the number of A- as well as B-chromosomes was doubled. 
This exception, of course, is not due to aberrant behaviour of the B’s. 
Nor were there ever seen in these mitoses any signs of abnormal be- 
haviour of the B’s, such as precocious or delayed centromere division 
or a delayed congression on the plate. 

In 31 plants (13 with no B in the roots and 18 with one or more 
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B's) the same number of B’s was found in both root tips and meiosis. 
In two plants, however, the number of B-chi'omosomes differed be- 
tween root tips and anthers, and in a third case there was a difference 
between different flowers in the same panicle, one flower having a single 
B, another having two. 

The B-chromosomes of the very small type seem to be more ir- 
regular. They show disturbances of congression and probably also of 
division at the second division of meiosis, and in all the three cases in 
which root tips and anthers were compared these B’s had been 
eliminated from the root tips. Anyhow, these very small B’s have been 
found to be transmitted from one generation to the next (observed at 
meiosis in mother and progeny), so they must have a certain degree 
of stability. 


5. BEHAVIOUR AT MEIOSIS* 

The chromosomes of the normal complement in Anthoxanthum 
aristatum usually pair as hu at meiosis. There is often a low frequency 
of non-pairing in the plants, as is probably found in most organisms. 
Multivalents have not been found in the about 20 plants examined in 
more detail. (In this respect this dqDloid species differs strikingly from 
the tetraploid A. odoratum, where multivalents, even such higher than 
quadrivalents, are of quite common occurrence; Kattermann, 1931; 
Parthasarathy, 1939; and Ostergren, 1942.) 

The behaviour of normal chromosomes in excess has been studied 
in triploid and trisomic plants of the material from Nancy. These 
I chromosomes often form trivalenls but are also often left unpaired as 
j univalents (Figs. 12 and 13). 

' During anaphase of the first division these univalents often lag, 
and the lagging univalents very frequently divide into two daughter 
univalents, which are usually included in the telophase nuclei (Fig. 14). 
In the second division these daughter univalents are unable to divide 
and they lag between the separating anaphase chromosomes (Fig. 15). 
In this way they are very often left outside the four normal tetrad 
nuclei, and form separate micronuclei (Fig. 16), which at later stages 
can be seen to transform into dark-staining chromatin droplets. Thus, 
there is a considerable elimination of univalents derived from the normal 
complement. 

The behaviour of univalent B-chromosomes is quite different from 
this. They can be studied quite well in plants having a single B-chro- 
mosome (of »standard» type). 
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The extra B-chromosome does not pair with the normal chromo- 
somes. In a plant of this type 208 cells were studied; in 207 of them 
the B was unpaired and in a single one it was in terminal contact 
with a rod bivalent, probably forming a trivalent. A gi'eat number of 
other first metaphases were also studied in another plant (without 
counting them) and the B-chromosome was always unpaired. The 
single case of pairing with a normal chromosome is not sufficient to be 
made the basis of a hypothesis of partial homology of the B with this 
chromosome. It may very probably be a quite unspecific sticking 
together of heterochromatic parts. 

At anaphase of the first division the B-univalents, like the normal 
univalents, may either be included in one of the polar groups or may 
lag between them (Figs. 18 — 19). Here, however, there is a very im- 
portant difference from the normal univalents. Lagging univalents of 
B-tgpe never divide at first anaphase. They manifest their doubleness 
(i. e. that they consist of two chromatids) like all the other chromo- 
somes at this stage; a result considered to be due to »lapse of chromatid 
attraction ». But the two chromatids are never found in a stage of moving 
apart, as is so often observed in normal univalents. The centromere can 
sometimes be seen to be subjected to tension in the direction of the two 
opposite poles, but there is some connecting link (either in the centro- 
mere itself or very close on both sides of it?) which keeps the two halves 
together. This link is seen to be extended (Fig. 20), but it does not 
break, so there will be no effective division. Such a lagging B-chromo- 
some may later (in early telophase) be included in one of the two normal 
nuclei, or it may form a small nucleus by itself, often in close proximity 
to one of the big nuclei (Fig. 2l). 

As a consequence of the absence of division at first anaphase, the 
B-chromosome is able to divide normally in the second division. In 
the tetrads micronuclei formed by eliminated B-chromosomes are 
practically never seen. Not a single one was found in 219 tetrads. In a 
slide from a trisomic plant, on the other hand, a count among 132 
tetrads showed 79 with one or more micronuclei and only 53 without 
— a striking difference. 

The non-division of univalent B-chromosomes at first anaphase, 
whereby they differ from the univalents of the normal complement, 
appears as a purposeful adaptation to maintain the B-chromosomes in 
the population (cf. below). The case also tells us that a’ higher fre- 
quency of unpairing does not necessarily mean a higher elimination of 
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Figs. 12 16, nioiosis in a trisomic plant (with a normal chromosome in excess). — - 
Fig. 12, first metaphase, 5„ + Ij. — Fig. 13, first metaphase, 4„ + 1„,. — Fig. 14, 
first anaphase with a dividing univalent (the lower daughter univalent has reached 
the anaphase group). — Fig. 15, lagging daughter univalents at second anaphase. — 
Fig. 16, a tetrad with micronuclei formed by daughter univalents. 



B-GHROMOSOMES IN ANTHOXANTHUM 


273 


a chromosome, and thus warns us not to make hasty conclusions in 
this respect. 

In plants with two B-chromosomes of » standard » type these very 
regularly pair with one another, forming a small bivalent, usually of 
the ring-shaped type with chiasmata at both ends (Fig. 22). In 54 cells 
of a plant of this type the frequency of chiasmata at metaphase in the 
B’s was compared with that in the normal chromosomes. The average 
for the B’s was 1,S33 per bivalent and that for the normal chromosomes 
1,737. The difference is not statistically significant (P > 0 , 2 ). 

The B-chromosomes never had more than a single chiasma in the 
same chromosome arm, while the normal chromosomes sometimes had 
two. If, instead of counting the exact frequency of chiasmata, we only 
count the frequency of paired chromosome arms, a procedure some- 
times adopted in such investigations, we shall thus get a different result, 
viz. 1,833 for the B’s and 1,596 for the normal bivalents. Measured by 
this method the pairing is significantly higher in the B’s (P < 0,oj). 

The good pairing of the B’s was confirmed (although not 
quantitatively analysed) in another plant with two B’s of standard type. 
The good pairing of the B-chromosomes is rather surprising; firstly, 
because they are shorter than the normal chromosomes, and, secondly, 
because they are heterochromatic. The heterochromatic B-cliromo- 
somes of maize show a reduced pairing as compared with the normal 
chromosomes (Darlington and Upcott, 1941). Perhaps the good 
pairing of the B’s in the present case is connected with the absence of 
heteropycnosis in them at the prophase of meiosis. In tetraploid 
spermatocytes of a locust White (1933) found that the two Z-chromo- 
somes were still heteropycnotic, just as the single X in the normal 
diploid spermatocytes. These heteropycnotic Z-chromosomes w^ere un- 
paired. In the female meiosis,' however, where the two Z’s are not 
heteropycnotic or only so to a small degree, they show a good pairing. 
White concluded that the absence of pairing in the males was due to 
the heteropycnosis (cf. also White, 1945, p. 89, and Coleman, 1943), 


Figs. 17 — 24, meiosis in various plants with B-chromosomes. — Fig. 17, first meta- 
phase, 5n + 1 Bi. — Figs. 18 — 20, first anaphases in a plant with a single B. — 
Fig. IS, the univalent has a polar position and will no doubt be included in the 
anaphase group. — Fig. 19, a lagging B-univalent manifests doubleness but does not. 
divide. — Fig. 20, like the previous figure, but a later stage, a connecting link prevents 
the chromatids from moving apart (univalent seen in end view). — Fig. 21, prophase 
of second division, the undivided B has formed a small nucleus close to one of the 
big nuclei. — Fig. 22, first metaphase, 5ii -f 1 Bn- — Fig. 23, first metaphase, 
5ii H" 1 Bjv — Fig- 24, first metaphase, 5,i -f 2 Bn. — X 2650. 

Hereditas XXXIII. 18 
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Thus, there is some evidence that the absence of heteropycnosis in a 
heterochromatic chromosome may favour its pairing. 

Consistent with this good pairing of the B~chromosomes is also the 
fact that they quite commonly form trivalents and quadidvalents in the 
plants having three and four B’s. The frequency of trivalents in the 
3 B plant studied is about as high as in plants having three homologous 
members of the normal complement (trisomics and a triploid), i. e. 
about 50 7o. 

This observation is important when we have to consider the 
homology relations of the B'Chromosomes in Anthoxanthum. We know 
that the normal chromosomes have a good ability to form trivalents 
among themselves when they are three and that the same is the case 
with the B-chromosonies, and, further, that the B-chromosomes do not 
pair with the normal chromosomes, not even in plants having only a 
single B. The conclusion must he that they are not homologous with 
the chromosomes of the normal complement. (The single cell, out of 
200, where there might have been such a pairing between A- and B- 
chromosoines does not mean very much in this discussion.) 

Iso-chromosomes. — In one 3 B plant I found that at least one 
chromosome was an iso-chromosome, there being seen in the univalents 
a pairing between the two arms of the same chromosome to form rings. 
Similarly it was found that one 4 B plant must have at least two such 
iso- chromosomes. Especially this 4 B plant gave very clear evidence 
in this direction (Fig. 29). These two iso-chromosome plants were also 
characterized by a higher frequency of univalent B-chromosomes, as 
should be expected from the fact that, here, an intrachromosomal 
pairing is competing with the normal interchromosomal one. 

It might be suggested that all the B’s of this size (groups 1 and 2, see p. 264) 
might be iso-chromosomes, but this is very unlikely when we consider the very per- 
fect interchromosomal pairing in the 2 B plants. Here univalent B’s are completely 
absent. The different shapes of the univalents in the various plants (rings or rods) 
also support the present interpretation that there are two kinds, standard B’s and 
iso-chromosonies. This distinction, however, is not definitely established. There 
may be a single kind of B that behaves differently because of the different physiolog- 
ical conditions in different plants, some conditions in that case favouring a non- 
homologoiis pairing (or sticking together of chromosome parts) that simulates iso- 
chromosome behaviour and others not. Fernandes (1946) found a considerable 
degree of noii-homologous pairing in a heterochromatic supernumerary chromosome 
in Narcissus, 

Very small B-chromosomes. — In two plants of the original sample 
there was found, besides the normal 5 bivalents, a very small univalent 
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chromosome (Figs. 25 — 27). Another plant was found to have a prob- 
ably even smaller univalent besides 5ii and 3 of the ordinary B’s. This 
extremely small chromosome was also observed in the progeny of this 
plant, so it can obviously maintain itself from one generation to another. 



Figs. 25 — 27, meiosis in plants with B-chromosomes of the very small type. — 
Fig. 25, first metaphase. — Figs. 26 — 27, second' metaphases from two different 
p.m.c’s, in Fig. 26 delayed congression of the B. 

Figs. 28 — 29, fii'st metaphase in a plant with four B-chromosomes, at least two of 
which are iso-chromosomes. — Fig. 28, 4n -f 2, -f- 1 Bjv. — Fig. 29, 5n -H 1 Bn -j- 2 B 

ring univalents. — X 3510. 


These small chromosomes seem to be eliminated from the root tips, as 
pointed out above. At the first division they lie like ordinary univalents 
outside the metaphase group, and at the second division they manifest 
irregularities of congression on the plate (Fig. 26) and probably also of 
division. Hence they probably have an aberrant centromere. 

Very small extra chromosomes are also known in maize, where 
they are called the F-type (Randolph, 1941, p, 627). 
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6, FIRST POLLEN GRAIN MITOSIS, 

Irregularities of behaviour at the first pollen mitosis are known in 
the case of the accessory chromosomes of Secale cereale (Muntzing, 
1946 a) and Sorghum piirpiireo-sericeum (Darlington and Thomas, 
1941). In both cases the two daughter halves of the B-chromosome fail 
to separate and are included in the generative nucleus, thus increasing 
their frequency in the germ -track. In the Sorghum case, however, the 
process is complicated by the occurrence of supernumerary mitoses. 



Figs. 30 — 33, anaphase of the first pollen mitosis, showing non-disjunction of the 
daughter B-chromosomcs. — X 2150. 


Darlington and Thomas suggest that the non-disjunction in Sorghum 
is due to an abeiTant centromere, a rather likely hypothesis. In the rye 
case Muntzing has demonstrated that the centromere divides normally, 
but the two chromosomes remain associated in another chromosome 
region close to the centromere. 

In Anthoxanthum could also be demonstrated a regular non- 
disjunction of the two halves of the B-chromosome to the generative 
nucleus. And my studies also clearly showed that the mechanism is 
quite the same at that found by Muntzing in rye. 

At early anaphase we very often find in the B-chromosome plants 
the quite characteristic chromosome configurations depicted in Figs. 
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30—33. The B -chromosome is lagging between the two separating 
anaphase groups of normal chromosomes. It has a characteristic ap- 
pearance with a central loop and four chromatid arms attached to it. 
The central loop is kept open by the attractions of the two daughter 
centromeres to the two opposite poles of the spindle. The B has a strong 
resemblance to a bivalent at the first metaphase of meiosis with a 
localized chiasma on each side of the centromere. This configuration 
demonstrates that the centromeres of the B’s divide normally, but the 
two daughter chromosomes cannot separate because they are attached 
to one another at one point on each side of the centromere. The un- 



Figs. 34 — 35, photographs of the first pollen mitosis. — Fig. 34, a metaphase in 
side view showing the asymmetric position of the mitotic figure, — Fig. 35, first 
anaphase showing non-disjunction of daughter B-chromosomes. — X 2080. 


divided B-configuration is later included in that anaphase group which 
is lying close to the wall. (The mitotic spindle has a very asymmetric 
position in the pollen grain, with one pole close to the wall and the other 
in the central part of the grain.) This peripheral group is transformed 
into the generative nucleus and the central one becomes the vegetative 
nucleus. 

The asymmetrical position of the mitotic figure is illustrated by the 
photograph Fig. 34, showing a metaphase in side view, and the charact- 
eristic lagging B-chromosome is given in the photograph Fig. 35. Here 
the central loop can be seen to be attenuated by the pull of the centro- 


meres. 
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In other respects the pollen mitoses in these plants usually proceed 
normally. Normal mitoses were found in 1 plant with 4 B’s, 3 plants 
with 2 B\s and 2 plants with IB. In a single plant with 1 B, however, 
there was found lacking differentiation of vegetative and generative 
nuclei, combined with supernumerary mitoses. As development was 
normal in the other plants, it is reasonable to suppose that the B was 
not the chief cause of the abnormality; but it might, of course, have 
contributed to the effect. 

The process outlined above contains two different factors deserving 
consideration from a mechanical point of view. Firstly, there is the 
attachment of the daughter chromosomes to one another, and secondly, 
there is the preferential distribution of the B configuration to the 
generative nucleus. 

Considering the attachment, the first thing to be pointed out is its 
localized position. It is limited to one point on each side of the centro- 
mere. Thus, it cannot be due to a general stickiness of the chromosome, 
nor to a general delay of the lapse of chromatid attraction. This is 
clear from the observation that the rest of the chromosome arms are 
free from one another and often point in different directions. The 
same conclusion was arrived at by Muntzing in his rye case. 

As to this localization, two possibilities may be suggested, viz. either 
the factor responsible for it is a specialltj (chemically or otherwise 
structurally) differentiated segment localized at the point of attachment, 
or there is no such segment of special constitution here, but the 
localization of the point of attachment is a kind of position effect due 
to the fact that this region is lying at a certain distance from other 
regions of decisive importance, such as the centromere or the chromo- 
some ends. (In the latter case the determination of the position of 
attachment would be determined in a way somewhat related to that for 
determining the position of localized chiasmata in bivalents.) Even in 
the latter case there is of course also a special constitutional differ- 
entiation of the B- chromosome from the other chromosomes, becanse 
the others undergo no non-disjunction, but this special differentiation 
is then not localized at the points of attachment. 

At present we are not in a position to distinguish between these two 
possibilities. Anyhow, in both cases another factor must also be of 
decisive importance, viz. a special physiological condition only found 
during the first pollen mitosis, as that is the only stage in the life cycle 
at which the effect is manifested. Thus the effect must be the result 
of an interaction between this special physiological condition in the 
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cell and some special constitutional property of the B-chromosome, 
whether this is localized in a special region or not. 

MtiNTZiNG (1946 a), from his studies of the same process of non- 
disjunction in rye, also concluded that it resulted from such an inter- 
action between a special chemical constitution in the fragment and the 
environment presSent in the pollen grains (l. c., p. 113). He suggested 
that there were special, probably heterochromatic segments close to the 
centromeres which caused the non-disjunction by their delayed re- 
production, and also discussed the possibilities that it might be due to a 
delay of the lapse of chromatid attraction or some kind of stickiness. 

I think that it will be impossible to determine at the present stage 
whether tliis localized chromatid attachment is due to a delayed re- 
production or to some kind of localized stickiness or chromatid at- 
traction. 

The regular distribution of the B-configuration to the generative 
nucleus obviously suggests that the mitotic apparatus must be mechan- 
ically asymmetrical in one way or another. But the first pollen mitosis 
is, indeed, already known as a very asymmetrical mitosis. Not only 
are the two nuclei to which it gives rise very different from the very 
beginning, but the asymmetry is also often manife|ied in the shape of 
the spindle already at metaphase (Geitler, 1935, pt 370). One pole is 
in contact with the cell-wall and is blunt, and the other is in the central 
part of the grain and is more pointed. I have found an asymmetry of 
the spindle of this t^’^pe in the present material as well. The mitotic 
figure, here, is also asymmetrical in such manner that the metaphase 
plate is not l^ing half-way between the two poles but is closer to the 
generative pole. At the anaphase the generative chromosome group 
moves only a short distance and the vegetative one a longer distance. 
Undoubtedly the asymmetry must be an important factor in this 
mechanism of directed non-disjunction, even if the details of the process 
are not yet clear. 

Delayed pollen mitosis by B-chromosomes. — It has already been 
found by Darlington and Thomas (1941) and Muntzing (1946) that 
pollen grains having accessory chromosomes divide later than the 
normal pollen grains in the same anther. I could demonstrate the 
existence of the same phenomenon in my material. 

This phenomenon was studied in two plants with 2n = 10 + 1 B 
and in one plant with 2n = 10 + 4B; The time of development of 
the anther was estimated (as was done by the authors cited) by counting 
the frequency of binucleate pollen. 
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The 1 B plants had, as expected, two kinds of pollen: n = 5 and 
72 = 5 -f- B, the 4 B plant had in most cases 5 + 2 B, hut also 5 + 1 B 
(from a 3 to 1 distribution at first anaphase) and in two cases only 
n = 5. 


TABLE 1. The correlation between the number of B-chromosomes at 
the first pollen mitosis and the average number of nuclei per pollen 

grain in the anther. 


Chromo- 

some 

number 
of plant 

Total 

grains 

Number of B’s = ij 

Total 

B’s 

Average 
of B’s per 
mitosis 

Average 
of nuclei 
per grain 

= X 

Number 
of grains 
for det. 

of X 

0 

1 

2 


4 


4 

_ 

4 

1,000 

1,940 

116 


4 

— 

4 

— 

4 

1,000 

1,848 

112 

lO + lB 

29 

6 

23 

— 

23 

0,793 

1,690 

87 


16 

4 

12 

— 

12 

0,750 

1,598 

112 


24 

9 

15 

— 

15 

0,025 

1,560 

91 


32 


21 

— 

21 

0,05(5 

1,507 

75 


30 





30 

60 

2,000 

1,034 

205 

10 + 4B 

29 

— 

1 

28 

57 

1,9(56 

1 ,453 

95 


40 

1 

4 

35 

74 

1,850 

1,423 

111 


31 

1 

30 

— 

30 

0,9G8 

1,039 

206 


Each line represents an anther. 


The observations are given in Table 1. The material was statistically 
tested by the method of analysis of co-variance (Bonnier and Tedin, 
1940; Mather, 1943). As the p-variate I used the number of B’s of 
the individual pollen mitosis. This was correlated to the mean number 
of nuclei in the pollen grains of the anther (=x’). The effect invest- 
igated was isolated as the joint regression for the two classes 1 B and 4 B. 
The analysis of variance of Table 1 is as follows: 



Item 

Sum of 
squares 

N 

Mean 

square 

Probability 

1. 

Between classes (l B and 4 B) 

56,39 

1 

— , 

— . 

2. 

Between anthers within classes 

23,41 

8 

— 




2 a. Joint regression 

2 h. Variation not due to joint 

20,44 

1 

20,44 

< 0,ooi 


regression 

2,97 

7 

0,42 

o 

o 

o' 

1 

o 

o 

3. 

Within anthers 

29,64 

229 

0,13 



4. 

Total 

109,43 

238 

— 

— 
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The error lo which the joint regression should be compared is the 
item 2 b. This item contains, besides variation from random sampling, 
also such variation as differences between the regressions of the two 
classes and deviations from linearity of the regressions. It is a priori 
extremely likely that both these kinds of variation exist in such a 
material, but they are not very interesting in the present connection, 
so no effort has been made to analyse them. 

Anyhow, it is clear enough that there is a regression of the number 
of B-chromosomes in the mitoses on the frequency of binucleate pollen 
in the anthers, which demonstrates that pollen grains with B-chromo- 
somes develop more slowly than such without. 

The observations on the pollen mitoses do not suggest that there 
would be a more pronounced elimination of pollen grains having B- 
chromosomes. But, of course, the delayed division of B-pollen may 
be the expression of a lowered vigour, which may be manifested also 
later, e. g., at pollen tube growth. It is not known whether the reduced 
pollen fertility observed in B-plants affects B-pollen more strongly than 
normal pollen. 


IV. INHERITANCE OF B-CHROMOSOMES* 

The inheritance of the B-chromosomes has been studied on progeny 
after open pollination of the original plants. The results should be 
supplemented by studies of controlled crosses, but the present oh- 
servations also allow of some conclusions. The data are in agreement 
Avith the cytological observation of the non-disjunction of B’s at the first 
pollen mitosis and they also demonstrate that there is no such non- 
disjunction on the female side] the effect is restricted to the pollen. 

When the results submitted below are being considered it should 
be borne in mind that the number of individuals in the population 
containing the mother plants was relatively small, and that these plants 
did not flower all at the same time, and also that, because of the spatial 
conditions in the field, the different plants must have had variable 
possibilities for fertilizing certain other plants. Consequently, it is not 
justifiable to believe that the population of pollen grains which fertilized 
these studied mother plants was the same in all cases. Some mothers 
may have been fertilized chiefly by fathers with B-chromosomes, others 
by fathers without. 

The results are summarized in Table 2, which is based on counts 
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TABLE 2. Inheritance of B-chromosomes after open pollination. 


I N u m b e r 0 f B‘ s o f 



Number of 

mother 


P r 

0 g e 

n y 


plants per 

0 

1 

2 


4 

progeny 

0 

7 


4 



11 

0 

4 


3 

■ 

1 

8 

0 

1 





1 

0 

5 


2 



7 

0 

4 

1 

3 



8 

0 

3 


2 



5 

0 

4 





4 

0 

3 



1 


3 

1 

I 62 

23 

2 



87 

l~2i 

19 

17 ^ 


1 


37 

3 


14 

9 

1 


24 

4 

1 


1 

1 

2 

3 

Total for 

0 B mothers 

31 

1 

1 

^ 14 


1 


Total for 

B mothers 


54 ^ 

12 

2 

! 

2 



^ A chimaera. 

of root- tip mitoses of plants the mothers of which were chromosome- 
counted at nieiosis. The progenies from mothers without B-chromo- 
somes must have received their B’s from the pollen parent. The B- 
chromosomes are present in even numbers, 2 or 4, as expected from 
the cytological observations on the pollen mitosis. The exceptional 
plant with a single B may be due to a change in the chromosome 
number during the development of the plant, as such changes have 
been found to occur sometimes, or it may also indicate that the 
mechanism of non-disjunction in the pollen mitosis may sometimes fail. 

Relatively big progenies were raised from three mothers having 
from 1 to 3 B’s, and a small one from a plant having 4 B’s. The three 
first mentioned progenies must have originated after pollination with 
pollen having only rarely B-chromosomes. This follows from a com- 
bined consideration of firstli/ the behaviour of B’s in the pollen (known 
from the progeny of 0 B-mothers and from cytological studies) and 
secondly the chromosome numbers in these progenies. Thus the 
progeny after the 1 B mother consist nearly exclusively of 0 B and 1 B 



B-GHROMOSOMES IN ANTHOXANTHUM 


283 


plants. If the pollen had often contained B-chromosomes, we should 
often have had higher chromosome numbers. This should also have 
been the case if such a non-disjunction of B's occurred in the embryo- 
sacs too. Consecxuently, we can conclude that there is no such non- 
disjunction on the female side. The table indicates that there has also 
been a few cases in these progenies where the pollen has transferred 
B-chromosomes; at least this is a very probable suggestion. 

The progenies of the 1 B- and 3 B-mothers should have given a 
1 : 1 segregation into respectively 0 and 1 B, and 1 and 2 B. There is 
however in these cases a conspicuous deficit in the class with the higher 
number of B’s. As the B's are not eliminated during the nieiosis (seen 
in p.m.c’s), the most probable explanation is a reduced viability of either 
embryo-sacs or embryos containing B-chromosomes. It should be 
mentioned that the seeds were stored from 1942 to 1946 before they 
were germinated, and the germination of these seed-samples was in 
many cases far from good. There may have been a higher frequency 
of B-individuals among the non -germinating seeds. (An alternative 
suggestion would be that the B’s may partly be eliminated in the female 
meiosis although they are not during the corresponding male division.) 

In the progeny of the 4 B-mother I got only 3 plants, presumably 
because of poor germination (there was, however, no exact record made 
of germination percentage). The two plants with four B’s have most 
probably received two of their B’s from the pollen parent. 

(The reason there are so few plants in the progenies of 0 B-mothers 
is chiefly that it was thought better to have a few plants in many 
progenies than to have many plants in a few progenies.) 


V. PHENOTYPIC EFFECTS OF B-CHROMOSOMES* 

There have not been observed any specific morphological features 
by which the B-chromosome plants differ from the others. It would, 
however, be very difficult to recognize such features, because the 
Anthoxanthum population in which they exist is so highly variable even 
without the influence of the B’s (0 B plants). Such a high variability 
is also characteristic of the other Anthoxanthum populations I have 
studied, and hence it need not be connected in any way with the presence 
of B-chromosomes. 

In general vigour as well as in pollen fertility the B plants show a 
slight reduction as compared with normal plants. 
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1. POLLEN FERTILITY. 

The frequency of morphologically poor pollen was counted in 
pollen slides with the pollen mounted in a mixture of equal parts of 
acetocannine and glycerine (a technique often used at this Institute). 


TABLE 3. Influence of B-cliTomosomes on pollen fertility. 


Number 

of B’s 

Percentage of poor pollen 

0 10 20 30 40 50 60 70 80 90 100 

n 

Mean 

X 

0 

61 

8 

3 

1 

1 






74 

l,u 

1 

24 

7 

5 

2 

1 

1 




1 

41 

15,00 

2 

12 

2 

2 

1 







17 

10,29 

3 




2 







2 

(35,00) 

4 



1 

1 







2 

(30, oo) 


Total number of plants 136. 


In each slide (with very few exceptions) exactly 200 grains 
(poor + good) were counted and the number of poor grains was 
recorded. The plants studied were from the same progenies as used 
above to observe the inheritance of the B’s. The results are given in 
Table 3. For testing the results, the method was applied to the data 
after reducing them in the following way. 

Poor pollen 

> 10 ^ 

Without B's 61 13 

With B’s 36 26 

X; — 9,794; (0,01 > P > 0,ooi) 

Thus, there are fairly good reasons to conclude that the B-chro- 
mosomes cause a reduced pollen fertility. In Table 3 there is also a 
difference between plants with odd and even numbers of B-chromo- 
somes, those with an odd number have a more reduced fertility, but 
the material is not sufficient to make this difference certain. 

2. GENERAL VIGOUR. 

The plants were classified with regard to general vigour on an 
arbitrary scale from 1 to 10 by inspection. This procedure was highly 
facilitated by the fact that the plants were cultivated in readily movable 
pots, so that it was possible to put any plant in a position between any 
two other plants to compare it closely with them in order to test whether 
it might be considered intermediate in vigour. 
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TABLE 4. Earliness, vigour and B- chromosomes. 


Degrees of earliness (1 = latest, 13 = earliest) 


1 

2 

3 

4 1 

.5 

6 

7 

8 

9 

10 

11 

12 

13 

0;1 1 0;3 | 1;3 

i;3 

1;3 

0;3 ' 

i;2 

0;3 

0;3 

0;3 

1;2 

0;3 

0;3 

0;2 

2;3 

0;3 

I;3 

];3 

0;3 

o 

0;3 

0;3 

i;3 

1:4 

1;3 

0;4 

1;3 

0;4 

1;3 

0;3 

0;3 

0;3 

0;3 

0;3 

1;4 

0;3 

0;4 1 0;3 

0;5 

2;3 

0;4 

1;4 

0;3 

0;3 

0;3 

0;3 

0;3 

0;4 

1;4 

1:4 

0;6 

0;5 

0;3 

0;6 

2;4 

0;4 1 0;3 

0;4 

0;4 

1;4 1 

1;5 

1;4 

1;4 

0;6 

4;10 

0;3 

0;6 

1;5 

0;4 

0;4 

0;4 

1;4 1 1;4 | ];5 

1;4 

1;5 

0;li 


i;4 

1;6 

0;5 

0;5 

1;4 

0;4 

0;4 


0;5 

0;4 

0;6 

1;7 

i;4 

2;7 

o 

"*04 

o 

0;4 

1;J ! 0;4 

1;4 

0;6 

0;5 

1;6 

0;7 

1;4 


1;6 1 0;5 

1;5 

1;5 1 0;5 

0;5 

2;6 

1;5 

0;7 



0;6 

0;6 

0;3 

0;6 

1;5 

1;5 

2;5 

2;7 

1;5 

0;7 


2;6 

0;6 

0;6 

0;6 

0;6 

0;5 1;5 

2;7 

0;5 



0;6 



0;6 

0;6 

1;6 

0;7 

0;5 

1*7 

1 ,/ 

1;5 


2;7 


1;6 


0;6 

0;7 

1;6 

0;7 

1 0;6 


i;7 



2;6 

3;8 

1 3;6 


0;9 

2;7 

0;6 

4;8 

0;6 

1 sauare — 1 Dlant.. 

0;8 

();7 

0;9 



Left: number of B’s. 



i;7 

0;9 

Right: degree ot vigour, 

(1 = strongest, 

10 = weakest). 

i;7 


0;7 




1;8 



0;9 



The population studied is, however, extremely variable in earliness. 
Some plants have ripe seeds at a time when others have not yet started 
to flower. Obviously it was impossible to compare the vigour of plants 
so different in their stage of development. For this reason a » two- 
dimensional » sorting of the plants was applied. They were first sorted 
in an )> east- western direction» by moving the pots into rows of similar 
earliness, as many rows as could be distinguished (= 13). Afterwards 
they were sorted inside these rows in a » north-southern directions 
according to vigour. The most vigorous plant was put at one end of 
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each row and the least vigorous at the other, the rest being placed in 
various intermediate positions according to their appearance. Thus, the 
difficulties connected with the variation in earliness were overcome by 
classifying the vigour within classes of earliness. The plants were given 
numbers on an arbitrary scale, plants appearing to have the same 
vigour in a row being given the same number, an endeavour being made 
at the same time to employ numbers having as similar a value as 
possible in different groups of earliness. 

The result of this classification is given in Table 4. Each square 
represents a plant and the columns correspond to the rows of varying 
earliness. For each plant is given the number of B-chromosomes (left) 
as well as the degree of vigour (right). 

The effect of different number of B’s on the vigour was statistically 
tested by analysis of covariance as the joint regression within earliness 
groups. 


Analysis of variance of vigour in 

Table 4. 


Item 

Sum of 
squares 

N 

Mean 

square 

Probahilitij 

1. Between groups of earliness 

2. Between groups of B’s within 

54,11 

12 

— 

— 

groups of earliness 

73,87 

22 

3,36 

Insignificant 

2 a. Joint regression 

2 b. Differences between in- 

20,16 

1 

20,16 

0 , 01 — 0,ooi 

dividual regressions . . . 

44,17 

12 

3,68 

Insignificant 

2 c. Deviation from linearity 
3. Within groups of B’s within 

9,51 

9 

1,06 

Insignificant 

groups of earliness ........ 

335,59 

130 

2,58 

— 

4. Total 

463,58 

164 

— 

— 


The result strongly indicates that the vigour of the plants is reduced 
by increase in the number of B-chromosomes. 

The material of Table 4 might also be used to study a correlation 
between earliness and number of B-chromosomes within classes of 
vigour. However, such a procedure is a little dubious, as because of the 
nature of the material it cannot be claimed that the classes of vigour 
given the same number really correspond when they are within different 
earliness groups. Anyhow, an analysis of variance of this type was 
performed on Table 4 and it failed to give any clear evidence of a 
correlation. 
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VI. DISCUSSION* 

Supernumerary chromosomes or chromosome fragments have 
been found in many different species. Undoubtedly they are of differ- 
ent nature in different cases. The simplest cases are those in which the 
supernumeraries are only duplications of normal chromosomes or chro- 
mosome parts. Such arise now and then in most organisms and are 
soon eliminated because of the genetic unbalance they cause. 

Of more interest are those cases in which the extra chromosomes 
are not homologous with members of the normal complement, and thus 
cannot be newly formed from that. They have the ability to maintain 
themselves in the populations by special means (which in some cases 
are largely unknown) and obviously they must have done so for a very 
long time. Such chromosomes are known from Zea mays (e. g., Ran- 
dolph, 1941), Sorghum purpiireo-sericeum (Darlington and Thomas, 
1941), Secede cereuZe (Muntzing, 1943, 1944, 1945, 1946 a), Crepis syriaca 
(Cameron, 1934), Narcissus jancifolius and N, Bulbocodium (Fernan- 
des, 1939, 1943, 1946), and Godetia nutans (Hakansson, 1945). Prob- 
ably many other less investigated cases of » extra fragments » also belong 
here; a list of »supernumerary fragment chromosomes® is given by 
Darlington (1937, p. 145). 

A discussion of such cases is given by Hakansson (1945) in con- 
nection with his results from Godetia, Characteristic features of them 
are: (1) Absence of pairing with the normal chromosomes, (2) genetical 
inertness or subinertness, (3) they are often heterochromatic, (4) » de- 
fective® centromeres, causing change in number at mitosis, (5) frequently 
bad pairing at meiosis, (6) their ability to maintain themselves in the 
populations. Not all of these features, however, are present in all the 
cases; thus some cases are not heterochromatic {Godetia and Secede] 
and some do not have defective centromeres (especially Secale), 

Undoubtedly the B-chromosomes of Anthoxanthum also belong 
here. They are not homologous with the normal chromosomes, they 
are subinert and heterochromatic, they maintain themselves in the 
population. Their centromeres, however, are but little defective (they 
may be more defective in the very small type), and they show a sur- 
prisingly good pairing with one another at meiosis. In the Crepis 
syriaca case Cameron also found a very good pairing (1934, p. 267). 

From the fact that the extra chromosomes remained in the popul- 
ations it was concluded by Darlington and Upgott (1941) and 
Darlington and Thomas (1941) that they were useful to the plants. 
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If they had not been useful, they would have been eliminated by natural 
selection. 

Another suggestion concerning their function was made by Oster- 
GREN (1945), who suggested that they could quite well remain in the 
populations without being useful in any way to the plants. The decisive 
factor for the selection of them would rather be whether they were 
useful to themselves. They are probably in many cases leading an ex- 
clusively parasitic existence in the plants. It is known from Muntzing’s 
observations (1945) that in Secale they performed a directed non-dis- 
junction to the generative nucleus during the first pollen mitoses, thus 
increasing their frequency in the germ-track. This mechanism would 
cause natural selection to work on them in a way quite different from 
that on the normal chromosomes. While the normal chromosomes 
can increase only by being useful, the accessory chi'omosomes can in- 
crease quite irrespective of this by their special mechanism of multi- 
plication. Although, of course, such a mechanism is different in its 
nature from the spread of parasites by infection, it will in practical 
results be something closely similar to infection. Accessory chromo- 
somes with a more efficient mechanism of accumulation will be selected, 
and hence their evolution will tend to perfect this mechanism, and to 
decrease the factors causing elimination. As these mechanisms may be 
influenced by genes (e. g., those controlling the course of the first pollen 
mitosis), the accessory chromosomes will tend to accumulate a system 
of genes favouring their accumulation. The normal complement, on 
the other hand, may tend to accumulate genes favouring the elimination 
of B-chromosomes, so there may result an antagonism similar to that 
between a parasite and its host. They should also evolve to damage the 
host plant as little as possible and thus tend to become » inert » or 
>subinert». (For details I must refer to the original paper,) 

The most important feature of such accessory chromosomes is their 
mechanisms of increasing in number. Theoretically, the same purpose 
may doubtless be gained in many different ways ; but in all cases they must 
behave differently from the normal chromosomes at some stage or other 
in their life cycle. In Anthoxanthum, as well as in Secale, the differ- 
ential mechanism consisted in a special behaviour of certain chromo- 
some regions close to the centromere, where the daughter chromosomes 
attach themselves to one another. In Secale this mechanism functioned 
equally well in the female gametophyte as in the first pollen mitosis. 
In Anthoxanthum, however, it functioned only in the pollen. The 
Anthoxanthum case also differs from Secale in the absence of B-chro- 
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mosome elimination at meiosis, caused, by the fact that here these 
chromosomes refuse to divide at the first division and divide regularly 
at the second. This latter mechanism most probably indicates that 
they have a centromere different from the normal chromosomes, as 
normal univalents divide at the first division. (An alternative suggestion 
might be that, here also, the same mechanism of non-disjunction 
functioned as is known from the pollen grains. It would be very difficult 
to recognize such a mechanism here because of the strong chromosome 
contraction at meiosis.) 

In Sorghum, too, there is such a non-disjunction to the generative 
nucleus in the pollen mitosis. This is regarded by Darlington and 
Thomas as due to an aberrant centromere. Thus, the mechanism is 
thought to be different here from that later found in Secale, a suggestion 
that is of course quite possible. Here the chromosomes are also eliminated 
from the somatic tissue by the same centromere » defect », a mechanism 
which is useful to the B-chromosomes, as it will reduce the damage to 
the plant. In Sorghum, as in Anthoxanthum, there is no elimination 
of B-chromosomes at meiosis. 

The maize data of Randolph (1941) also sti'ongly suggest that in 
this case, too, there may be some similar mechanism of non-disjunction 
in the pollen (l. c., pp. 618 — 619). Here, just as in Anthoxanthum, the 
special mechanism seems to work only on the male side. 

In Crepis syriaca Cameron also reports a clear tendency of the 
extra chromosomes to increase in number in the progeny. To explain 
this he assumes that these chromosomes may be favourable in one way 
or another and that consequently they may be selected in gametes or 
zygotes. Seen in connection with the present results, it seems, however, 
more likely that they have a special mechanism to produce an increase 
in number irrespective of selection. 

Concerning Godetia nutans, Hakansson also stresses the absence 
in the progenies of any tendency of the accessory chromosomes to 
decrease. Here, as in Anthoxanthum, the B-univalents do not divide 
at the first meiotic division, and they are practically not eliminated 
during meiosis. Whether they also have a mechanism leading to an 
actual increase of them is not known. 

Some cases have been reported in which the B-chromosomes seem 
to have »weak» centromeres, causing them to behave irregularly at 
mitosis (e. g., Tiilipa galatica and also Zea mays; Darlington and 
Upcott, 1941, p. 279). I think that the abnormal behaviour during the 
mitoses is due to the same differentiation of the centromere of the B- 
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chi'omosoiiies as enables them to increase their frequency by non-dis- 
junction at some suitable moment in their life cycle. The risk of mitotic 
elimination is the price which these chromosomes must pay for the 
favour of being able to increase mechanically in number. Although 
the centromere may be »weak» from a mechanical point of view, this 
specialization may in reality be a strength of the B-chromosome from 
a genetical point of view. An extreme case of such variation is de- 
scribed in Ranunculus acris by Langlet (1927), where the number of 
extra chromosomes varied in a single root tip between 2 and 10, with 
an average of about 6, Such a variation during the development of 
the individual might in some cases even be a sufficient means of in- 
creasing the frequency of extra chromosomes, if the changes in number 
occur in an opportunistic way so that gains are more common than 
losses for the germ-track. It may be of some significance that in Secale, 
where the accumulation mechanism is not the centromere but another 
chromosome region, the » fragments » show a great stability at mitosis. 

According to my interpretation, the equilibrium of such chromo- 
somes in the populations would consist in a balance between a mecha- 
nical increase in number and a selective decrease caused by the harm- 
ful effects on vigour and fertility which they cause. 

To test this hypothesis it will be very valuable to have exact de- 
terminations of the efficiency of the accumulation mechanisms of the 
B’s and also to have exact information concerning their phenotypic ef- 
fects, data which as yet may be insufficient. 

The only phenotypic effects actually observed from B-chromosomes 
are deleterious ones. In maize these chromosomes, when few, have no 
visible effects. In higher numbers (more than 10 — 15) they cause re- 
duction of fertility and vigour (Randolph, 1941). In rye, as well as in 
Anthoxanthiwi, these effects are demonstrable even in plants with a 
much lower number of accessory chromosomes (Muntzing, 1943; and 
the results above). In Crepis sijriaca GameroN (1934) reports reduced 
fertility and morphological abnormalities from the extra chromosomes. 
In Sorghum they cause i^ediiced pollen fertility and a cytological ab- 
normality called »morbid mitosis» (Darlington and Thomas, 1941). 

The beneficial effects sometimes assumed (Cameron, 1934; 
Darlington and Upgott, 1941; Darlington and Thomas, 1941) are as 
yet exclusively hypothetical. 

The strongest support for beneficial effects of the B-chromosomes 
in maize is furnished by the observations on their inheritance given 
by Darlington and Upcott (1. c., p. 290). The strong loss of the B’s 
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observed there certainly indicates that there must be a positive selection 
counteracting this loss, and in my paper of 1945 I, too, endorsed the 
possibility of their being useful (1. c., p. 163). 

When studying the data of Randolph (1941), however, we do not 
at all find such pronounced losses in the progenies of plants with few 
B-chromosomes. (Only progenies of plants with few B’s will be im- 
portant, because many B’s will only very rarely be found in the same 
plant in populations.) They seem here to be transferred in practically 
constant frequency. This makes me believe that quite possibly the 
B’s of maize are also parasitic. Now, the B-chromosomes are known 
to pass through chromosome structural changes rather often. Probably 
different breeding results can be obtained by employing different 
types of B’s. Randolph (1941, p. 613) reports that Powers and Dahl 
had obtained breeding results quite different from his own with their 
material. I think such differences may be due to this cause. It should 
be observed that if various mutant B’s are found to be eliminated, this 
is a fact of but little interest in the present connection. 

In Secale, Sorghum and probably Crepis the accumulation mech- 
anism seems to have a sufficient efficiency for my hypothesis. Antho- 
xanthum requires further investigation before any statements can be 
made on this point, but most probably this is the case here, too. 

There is a point in my discussion of 1945 which I should like to 
improve. On pages 160 — Ibl I suggested that if there arose valuable 
properties in an extra chromosome these would most probably, sooner 
or later, be » stolen » by the normal complement and thus lose their im- 
portance for the B-chromosome (see the original for details). However, 
this process will only occur if the B-chromosome has a weak mechanism 
of accumulation. If the B-chromosome possesses a strong ability to 
increase its frequency, the reverse process may follow. By the mech- 
anical increase of the B-chromosomes the population will get an over- 
dosage of the gene or chromosome segment in question. Consequently, 
selection will favour a decrease of dosage of this gene in the normal 
complement, and the plant may in this way become dependent on the 
B in order to get its need satisfied in this respect. 

Something similar may also occur in other cases where the B- 
chromosomes do not contain any special favourable genotypic com- 
ponents, by simple adaptation of the population to the B-chromosomes, 
This is illustrated by Fig. 36. Curve I represents the relation in a 
population which has newly been infected by B-chromosomes. Obvi- 
ously genes will be selected in the population which make B-chromo- 
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some plants more fertile and more vigoi'ous than they were originally: 
the plant will tend to adapt itself to the B’s. When the B’s in this 
way turn less harmful they will increase in number, because it was 



their deleterious effects which previously prevented them from in- 
creasing* The curve has changed to II in Fig. 36. This will cause a need 
for further adaptation, and the curve may change to III, etc. As the 
gene balance in the original population without the B’s was the optimal 
which natural selection could produce in the population, it is likely 
that the change in balance required for the adaptation to the B’s will 
also cause the plants without B’s to be less well adapted. Thus we could 
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get a situation where plants with a few B’s were more successful than 
plants without B’s; but it would be a mistake to conclude from this 
that the B’s had improved the population by their presence. 

Longley (1938) had found that maize races with a high frequency 
of B-chromosomes had a lower frequency of heterochromatic knobs in 
the normal chromosomes. This may be caused by a mechanism of the 
type just outlined. The B-chromosomes may impose themselves on the 
population and, as they produce ah overdosage of heterochromatin, 
the normal complement may have been forced to reduce its hetero- 
chromatin. Thus, it need not be concluded from such observations that 
the B’s are useful. 

It has been suggested by Mather (1944) that the apparent inertness 
of accessory chromosomes is not due to a real absence of genic activity, 
but that it is caused by the fact that the various genic activities in the 
B-chromosomes together form a balanced system. This idea is supported 
by the fact that there seem to exist certain standard types of accessory 
chromosomes. Thus, the extra chromosomes of rye are closely similar 
to one another in the most various populations (Muntzing, 1945, pp. 
471 — 472). Longley (1938), who studied the B-chromosomes of maize 
from 14 races, found them with a single exception identical in ap- 
pearance. As the B's retain their type in spite of the fact that aberrant 
extra chromosomes are very often formed, I consider that there must 
obviously exist a certain standard type that has a selective advantage. 
Randolph (1941, pp. 628 — 629) got the impression that a B-chromosome 
fragment (called D) might have stronger deleterious effects than the B 
itself. All this favours the idea that they are not actual!}" inert but that 
their genic activities together form a harmoniously balanced system 
somewhat similar to that of a whole set of normal chromosomes. This 
system, I think, would be selected in such a way that it favours, as far as 
possible, the accumulation mechanism of the B’s and otherwise that it 
injures the plant as little as possible. 

Nothing is known concerning the origin of such B-chi'omosonies. 
They seem, however, to be well differentiated from the normal chro- 
mosomes. Randolph (1941) in his careful study failed to find any 
support for the idea that the B-ehromosomes of maize could be directly 
derived from the normal chromosomes. Such extra chromosomes can 
quite well be very old. They may very well have existed in the 
ancestors of Anthoxanthiim aristatum so far back as when these plants 
did not belong to the genus Anthoxantlmm, 

It is also possible that such parasitic chromosomes may spread 
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from one species to another by species hybridization followed by back- 
cross of the hybrid to that species which, previously, was free 
from parasitic chromosomes. This may be an important factor in 
Gramineae, where even very widely separated species may cross, such 
as maize, and sugar cane (Janaki-Ammal, 1941). 

Anyhow, such accessory chromosomes must have originated at 
some time. It is not likely that a successful B-chromosome can originate 
from a normal chromosome by a single change (mutation or structural 
re-arrangement); probably several mutations must have occurred si- 
multaneously or nearly so. The probability per generation of such an 
occurrence is extremely small, but, in view of the fact that there have 
been millions of generations available in the past, the chance of such 
an occurrence will be much greater. When once they have originated 
they can easily evolve further and differentiate from one another, 
giving various other types of B-chromosomes, and also most probably 
they can extend their disti'ibution by also infecting other species by 
species hybridization. 
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SUMMARY. 

A population of Anthoxanthum aristatam has been found to con- 
tain a variable number of extra chromosomes besides the normal di- 
ploid chromosome complement of 10 chromosomes. These B-chromo- 
somes are heterochromatic. They do not pair with chromosomes of 
the nonnal complement, but they show a very good pairing with one 
another. Univalent B-chromosomes are not eliminated at meiosis, 
differing in this respect from univalents of the normal chromosomes. 
At the first pollen mitosis the two daughter halves of the B-chromo- 
somes remain attached to one another and are both included in the 
generative nucleus, thus increasing their frequency in the germ-track. 
The inheritance of B-chromosomes demonstrates that such a non-dis- 
junction occurs only in the pollen but not in the embryo-sac. The B- 
chromosomes cause a delay of the development of the pollen grain 
and a slight reduction of pollen fertility and plant vigour. They are 
regarded as belonging to the category of parasitic chromosomes, and 
are discussed in connection with other similar cases. 
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Torsten Romanus: Psoriasis in twins. 

If a hereditary disease which can appear for the first time at different 
ages is discordant in monozygous twins, the cause may be that the disease has 
not had time to show itself in the other twin. When one has to decide whether 
there is discordance in psoidasis, it is therefore necessary to consider the 
observation period. In an investigation of 768 post- examined psoriasis cases 
(Romanus, 1945) three-fourths of the men developed the disease before the 
age of 26 and three-fourths of the women before the age of 19. If, therefore, 
one reckons with 30 years of age as a limit, it might be said that in most of 
the cases of psoriasis the disease has appeared at that age. 

In the following table are collocated cases of psoriasis in monozygous 
twins, described in the literature. 


Author 

Year 

Sex 

Age, years 

Age at onset 
of psoriasis 



Concordance 



Siemens 

1924 

females 

32 

Since childhood 

Weitz 

1925 

males 

58 

No information 

Clark and Stihhens 

1926 

» 

14 

14; 14 

V. Verschuer 

1927 

females 

12 

No information 

ZiELER 

1930 

— 

— 

» » 

VOHWINKKL 

. 1932 

males 

— 

8; 8 

Weber 

1934 

females 

31 

22; 26 

Mayr 

193cS 

» 

c. 34 

c. 20; c. 30 

Kampen 

1941 

» 

14 

6; 6 

Liebenam 

1942 

» 

13 

12 V,; 13 



Discordance 



CiLATZEL 

1931 

males 

13 

c. 10 

Dollman V. Om- 

1939 

females 

10 

c. 9 

Melsom 

1945 

» 

IS 

8 

V. VERSCHUElt 

1927 

males 

50 

No information 

<jL.\TZEL 

1931 


38 

C.28 

» 

» 

females 

33 

No information 

Romanes 

1945 

» 

31 

4 

» 

the present case » 

43 

9 


Of the cases in question 10 pairs of monozygous twins were concordant 
in regard to psoriasis, whereas 4 pairs (with the present case 5) were dis- 
cordant. Further, discordance has been found for 3 pairs of monozygous 
twins, aged respectively 10, 13 and 18 years. In these cases, the observation 
period consequently is rather short. 

In the present case (see pedigree) it is a question of two monozygous 
twin sisters (proband — P), born in 1902. At the time of the examination 
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they were 43 years oif age. They bear a strong likeness which has often led 
to their being mistaken for each other. Their relatives and friends have mainly 
been able to distinguish them because of their different temperament. They 
were born at home and therefore it has not been possible to obtain any in- 
formation as to the egg membranes. 

In the last-born twin (III P) efflorescences of psoriasis appeared on the 
scalp and the elbows at the age of 9 years. Later on she had disseminated 
psoriasis punctata on the trunk and the upper extremities. No seasonal 
variations. She has never been without symptoms. No pregnancy. At the 
examination in February, 1946, slie had a small number of round efflorescences 
on the scalp and the elbows, varying from ^/o to 1 cm. in diameter. 

1 no’ 


tai r72 



31 22 3 2 5 3 

Fig. 1. Pedigree. — Square man. Circle = woman. A, B, C and P — person 
affected by psoriasis. — twins. 


The twin sister has never had any skin affections and did not show any 
at the examination. 

A paternal uncle (II A) who earlier was married lo the proband’s mother 
also suffered from psoriasis. According to the record (in 1883) from the 
Medical Department of the University Hospital at Uppsala where he was 
treated for psoriasis, the efflorescences appeared at the age of 17 on the left 
lower leg; later also the scalp, arms and trunk were affected. According to 
the record, his parents (I) had not had any skin disease; on the other hand, 
a brother (II B) and a sister (II C) liad psoriasis. This sister has in 1946 given 
the information that her brother, i. e. the paternal uncle mentioned above, 
after having left the hospital only had few and slight symptoms of psoriasis 
until his death at the age of 28. It is stated that his son and two grandsons 
have never had any symptoms of psoriasis. 

The proband’s father (II B), it is reported, had psoriasis already as a 
child but only on elbows and legs. He emigrated to the U. S. A. in 1912, 
which is probably the reason there is no further information about the course 
of the disease. He died at the age of 48 years. 
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A paternal aunt (II C) of the proband, who has been examined by the 
author, has suffered from psoriasis from her childhood but only to a slight 
degree. She has had cixxinated eruptions on the trunk, and efflorescences on 
the elbows; the last 4 years, however, she has only had a few efflorescences 
on the right elbow, which was the case also at the examination in February, 
1946. She has never been free from symptoms, 

One of the proband s sisters (III A) has had psoriasis since she was 5 years 
old. At this age large confluent efflorescences appeared on the lower legs. 
Later on she had eruptions on the scalp, the trunk and the extremities. At 
the examination in March, 1946, she had efflorescences on the scalp, and 
scattered efflorescences on the trunk, elbows and legs. No seasonal varia- 
tions. Improvement during pregnancy at 39 years of age. She has never 
been free from symptoms. She has a daughter, 3 years old, who up to the 
present has not been affected by psoriasis. 

We have here a case of psoriasis where the disease has affected only one 
of two monozygous twin sisters. The cause of the discordance could hardly 
be too short an observation period, since the twin who suffers from psoriasis 
got her disease already as a child (9 years of age) and the age of the twins 
now is 43 years. It is scarcely probable that the twin who up to now has been 
free of symptoms should be affected by psoriasis later, although this possibility 
cannot be quite excluded. 

There is, however, one more possibility of explaining discordance in 
monozygous twins. The character may be a genotypic asymmetry (Dahlberg, 
1926 and 1943). From this point of view the localization of the psoriasis- 
efflorescences is of interest. A paternal uncle had psoriasis only on the left 
lower leg and, later, on the trunk and arms. A paternal aunt had efflorescences 
only on the upper part of the body (trunk and arms) and during the last 
4 years only on the right elbow. Then there is good reason to believe that 
in this case the discordance is genotypically determined, so that the gene has 
only a one-sided effect. In an investigation of psoriasis with asymmetrical 
localization the present author (Romanus, 1945) found that of 478 cases post- 
examined by him, 71 (14,9 %) had efflorescences with asymmetrical localization. 
In 8 of these cases the efflorescences were localized (since at least 20 years 
ago) only on one side of the body. This circumstance as also the cases of 
discordant psoriasis in monozygous twins speak in favour of the hypothesis 
that psoriasis can be a genotypic asymmetry, and are also a support of 
Dahlberg’s theory of genotypic asymmetries. 

State Institute of Human Genetics and Race Biology, Uppsala. 


Literature cited. 

1. Clark, T, J. and Stibbens, F. H. 1926. Skin diseases in twins. — California 

and West. Med. V. 24, p. 777 . ’ (Ref. Zentralbl. f. Haut- ii. Geschlechtskr. 
AC 21, p. 170 .) 

2. Dahlberg, G. 1926. Twin births and twins from a hereditary point of view, 

— Diss. Stockholm. 

3. — 1943. Genotypic asymmetries. — Proc. Soc. Edinburgh. AC 62, p. 20. 



300 


ABSTRACTS 


KURZE MITTEILUNGEN 


4. Dollman V. Oye, W. 1939. Psoriasis universalis, — Zentralbl. f. Haut- u. 

Geschlechtskr. V. 63, p. 108. 

5. Glatzel, H. 1931. Beitriige zur Zwillingspaihologie. — Ztschr, f. klin. Med. 

V, 116, p. 006. 

6. V. Kampen, B. 1941. Beitrag znr Zwillingspathologie der Psoriasis. — Diss. 

Freiburg. 

7. Liebenam, L. 1942. Konkordantes Vorkommen von Psoriasis vulgaris bei 

eiiiem eineiigen Zwilliiigspaar. — Der Erbartzt, V. 10, p. 248 . 

S. Mayr, F. 1938. Znr Vererbung bei der Psoriasis vulgaris. — Dermal. Wchnschr. 
V. 106, p. ;100. 

9. Melsom, R. 1945. Dermatological investigations on 22 pairs of identical twins. 
— Acta Dermat.-venereol. V. 25, p. 29 . 

10. Romanes, T. 1945. Psoriasis from a prognostic and hereditary point of view. 

— Acta Dermat-venereol. V. 26, Suppl. 12. 

11. Siemens, H. W. 1924. Die Zwillingspathologie. — Berlin. 

12. V. Veusghuer, O. 1927, Die vererbungsbiologiscbe Zwillingsforscbiing. — 

Ergebn. d. inn. Med. ii, Ivindcrh. V. 31, p. 35. 

13. VoHWiNKEL, K. H. 1932, Beitrag zur Zwillingspathologie der Psoriasis. — 

Dermat. Wchnschr. V. 94, 340. 

14. Weber, F. P. 1934. Psoriasis arthroi^athica in a woman whose twin sister 

was similarly affected. — Proc. Roy. Soc. Med. V. 27, p. 589. 

15. Weitz, W, 1925. Studien an eineiigen Zwillingen. — Ztschr. f. klin. Med. 

V. 101, p. 115. 

16. ZiELER, K. 1930. Ergebnisse der Untersuchungen liber die Erblichkeit der 

Schuppenflechte, — Arch, f. Dermal, u. Syph, V, 160, p. 57. 



A CASE OF ASYNDESIS IN PICEA ABIES 


BY ENAR ANDERSSON 

INSTITUTE OF GENETICS, LUND, AND FOREST TREE BREEDING STATION, 
BRUNSBERG, SWEDEN 


I, INTRODUCTION* 

S OME investigations have treated in detail the embryology and 
fertilization of the Gymnosperms (cf. Schnarf, 1933). Several 
have also dealt with the somatic chromosome numbers of these plants 
(cf. Tischler, 1926/1927, 1931, 1935/1936 and 1938, as well as A. and 
D. Love, 1942), but few have been published respecting their chromo- 
some behaviour at meiosis. The chromosome numbers of the Gymno- 
sperms, in contrast to the condition in the Angiosperms, are remarkably 
constant even between families and differentiated genera. Polyploidy 
seems to occur very sparillgi3^ 

Most of the Gymnosperms have twelve chromosome pairs, or 
2n = 24. K. and H. J. Sax (1933) were able to determine the chromo- 
some number in the endosperm, which in the Gymnosperms is haploid, 
for 53 species distributed over 16 genera among the Conifers. The now 
existing genera of coniferous trees number not fully 50. The invest- 
igators just cited found the basic number n = 12 in the majority of the 
Conifers. Species with deviating chromosome numbers are Cryptomeria 
japonica, ' Taxodium distichum, Taivania cryptomerioides. Thuja oc- 
cidentalis, T, orientalis, T. plicata, T, StandishiU Jiinipenis communis, 
/. virginiana, J . rigida, and Chamaecypans Lawsoniana with the basic 
number n = ll or 2n — 22, and Pseudotsuga taxifolia and the Agathis 
species (Flory, 1936) with the basic number n= 13. For Podocarpm 
Flory (1936) gives the following haploid numbers: P. falcatus, + 12, 
P. macrophyllus, + 19( — 20), P. neriifoUiis, about + 19, P. andinus, 
about + 20, and for P. chinensis, + 20. According to Tahara (1937), 
the haploid chromosome number of Sciadopitus verticillata is n = 10. 
Pseudolarix and Juniperus chinensis Pfitzeriana are tetraploid (K. and 
H. J. Sax, 1. c.) with 2n = 44. Sequoia sempervirens also seems to be 
polyploid, although no exact chromosome number has been determined. 
Dark (1932) found about 50 chromosomes in the root-tips of S. semper- 
virens and considers the species to be tetraploid, while K. and H. J. Sax 
(1. c. ) approximately estimated the total chromosome number for the 
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same species at more than 40. Buchholz (1939 a and b) found the 
haploid number n=l:t in the sex-cells of Sequoia gigantea and the 
corresponding number n = 22 in S. sempervirens. The last-mentioned 
number, however, is given as only approximate. Finally, Jensen and 
Levan (1941) determined the diploid chromosome number in root-tips 
of S. gigantea at 2n = 22. After colchicine treatment of germinating 
seeds of S. gigantea they obtained tetraploid plants having the chromo- 
some number 2n = 44. 

Among other Gymnosperms polyploidy has only been demonstrated 
in Welwitschia and Ephedra. W elwitschia mirabilis (Florin, 1932) has 
the chromosome number 2n — 42 and among Ephedra plants E. ne- 
brodensis var. Villarsii, E. fragilis var. campylopoda (Geitler, 1929), 
E. americana and E. eqiiisetina (Florin, 1932) have 2n=14, while 
E. distachya is tetraploid with 2n = 28 (Florin, 1932). In Picea the 
chromosome number is stated by Miyake (1903) to be 2n = 24, which 
has since been verified by K. and H. J. Sax (1. c.). 

The present work chiefly deals with the course of meiosis in an 
asyndetic spruce as compared with that in normal spruces. Some in- 
vestigations of pollen fertility and seed-setting after selfing and 
crossing in comparison with the seed-setting after free flowering as well 
as studies of the progeny raised from different spruces after free 
flowering will be published in Svensk Papperstidning, 1947. Asyndetic 
individuals do not seem to have been met with earlier within the 
Gymnosperms. 


IL MATERIAL AND TECHNICAL METHODS. 

1. MATERIAL. 

At the Brunsberg branch station in Varniland of the Association 
for Forest Tree Breeding cones were collected during the autumn of 
1942 and the spring of 1943, shortly after the free flowering period, 
from a large number of selected phenotypical elite trees of Picea Abies 
for estimation of the progeny. Sample trees of this type for selective 
breeding were taken at different levels of altitude and latitude. On the 
lands of the Billerud Company in the parish of Gunnarskog, West 
Varmland, cones from 1600 trees were collected in the winter of 1942 — 
1943. During the work of seed extraction and cleaning of these cones, 
it was found that one of the sample trees (spruce No. 181, Grdttval) 
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had produced seeds belonging to a different order of size (Fig. 1). Alt 
the other trees sampled showed a good production of quite normal 
seeds. From 24 examined cones of spruce 181 there were obtained 
7692 small seeds and 156 or 1,99 % of approximately normal size. 
x\mong 200 small seeds that were cut open 196 or 98 % were empty 
or had not developed any endosperm. 

The small seeds were repeatedly placed for germination without 
a single seed being able to germinate. Among seeds of a normal size- 
order, 17 out of 100 or 17 % sprouted in the germinator at + 30'^ C. 


^ f f f f ^ I # > ^ 


Fig. 1. Seeds of two different orders of size in the asyndetic spruce. — X ca, l/i. 

The lOOO'grain weight for small and normally sized seeds from spruce 
181 and for the average of the other selected trees within the stand is 
listed below; 


a : 



f f V I t » # # 

% ^ 0 

.0 0 $ $ ^ %% % 


1000-grain weight in grams ^ year 19 A3, 


xAbnormally small seeds from No. 181 . 0,88 

Normal-sized » » » » 2,75 

Mean size of seeds from other trees 3,46 


Seed from No. 181 was sown in boxes in the spring of 1943, and 
the resultant seedlings were potted for root fixation. There was a great 
loss of plants in the boxes, about 30 % of the plants dying. Of 78 
surviving offspring, about one-third were characterized by very feeble 
growth with short needles, and 16 died during cultivation in pots. In 
some of these plants it was possible to determine the somatic chromo- 
some number. 
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The mother tree, No. 181, did not flower in the springs of 1943 and 
1944. In the autumn of 1944, however, numerous male buds were put 
forth. In the middle of March, 1945, branches and male flowers were 
placed in greenhouses for forcing. They were put into glass jars 
containing water. Male inflorescences were irradiated with two 500 watt 
lamps every afternoon for four hours. After about 48 hours’ irradiation 
it could be determined by fixation in acetic acid carmine that meiosis 
had commenced in the buds. For comparison branch and bud material 
was taken from six sample trees known to have normal seed setting. 

In Varmland the meiotic division in spruce started in nature about 
April 13 in 1945. A large number of staminate inflorescences were 
then fixed of No. 181 as well as of 20 supposed normal spruce trees. 
These 20 trees also included the six previously mentioned spruces. The 
sample trees were derived from the following six localities: Nos. 108, 
110, 112, 115, 125 and 140 from Brunsberg, Nos. 166, 220 and 221 from 
Grottval, Guiinarskog, Nos. 4, 17 and 121 from Fredros, Gunnarskog, 
Nos. 1, 16, 19, and 21 from Vagsjofors, No. 1 from Lekvattnet, and 
Nos. 101, 102 and 103 from Holjes in northwestern Varmland. Buds 
from all the trees were fixed while meiosis was going on in nature. No 
disturbance whatever in the course of meiosis seems to have been 
occasioned through bud-forcing under irradiation in greenhouses at 
+ 12 to + 16° G., buds from the six controls having shown the same 
normal course of division as buds taken direct from the control trees. 
On being forced in greenhouses the buds of spruce 181 exhibited the 
same disturbances at meiosis as when fixed direct in nature. 

2. CYTOLOGICAL METHODS. 

For root fixalioii.s use was made of MOntzing’s modification of Navashin’s 
solution {MtlNTZiNG, 1932) as well as of Levitsky’s solution (1931): 8 parts of 1 % 
chromic acid and 2 parts of 10 % formalin mixed immediately before use. Before 
staining, objects fixed in Levitsky’s solution 8:2 were allowed to stand in a 
mordant of 1 % chromic acid for 12 to 24 hours. Both methods seem to he fully 
practicable and reliable for root fixations of spruce. At root fixing of offspring from 
No. 181 the jars with plants were placed on ice overnight for cooling. After being 
embedded in paraffin the root-tips were cut into 14 — 17 /f thick slices and stained 
with gentian violet. 

For studies of meiotic divisions very beautiful stainings were obtained in acetic 
orcein by the method described by Darlington and La Cour (1942) as well as 
in aceto-carmine (K. and H. J. Sax, 1933, and Ostergren, 1942). 

The best permanent preparations of meiotic divisions were obtained by means 
of the smear method. After smearing, the object glasses were changed over as quickly 
as possible to MOntzing’s modification of Navashin’s fixative. Smear preparations 
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were then stained in gentian violet as well as 
in fiichsine-sulphurons acid (cf. Darlington 
and La Gour, 1942) and mounted in Canada 
balsam. After the smearing the object glasses 
ought to lie. about 30 — 00 Tuiuutes or more in 
the above-mentioned fixative. 

Pollen and stoniatal size were determin- 
ed in aceto-carmine + glycerine (1 : 1). 

The drawings were made with the aid of 
Abbe’s camera liicida and the micro-photo- 
graphs were taken with a Zeiss spherolux 
camera. 

To enable crosses to be made for breed- 
ing purposes between selected elite stocks in 
nature the Association for Forest Tree Breed- 
ing erected specially designed crossing-stages 
round a number of trees that had already 
been judged as regards progeny or were pre- 
sumed to be good genotypes {cf. Sylven, 
1943). A crossing-stage of this kind was put 
up in April, 1945, round the asyndetic spruce 
181 at GrottvaV, Gunnarskog (Fig. 2). With the 
aid of this scaffolding it was possible to take 
advantage to the flowering time of the tree 
to self a large number of female cones as 
well as to effect crosses with other spruces. 



Fig. 2. Scaffolding round spruce 
No. 181 for crossing purposes. 


III. NORMAL MEIOSIS* 

As previously mentioned, for comparison with meiosis in the 
asyndetic spruce male inflorescences were fixed from 20 spruce trees 
that presumably possessed a normal meiotic division. Three of these 
spruces show disturbed meiotic division. This is described later in this 
work. The other 17 trees have a completely regular meiosis. 

During leptotene and zygotene the chromosomes are much elong- 
ated and lie scattered at random inside the nuclear membrane. In 
leptotene the chromosome threads therefore form a reticular bunch, 
the individual threads of which are usually difficult to distinguish 
along their whole length. 

It is clearly to he seen that the chromosome threads are of granular 
structure. At pachytene the threads are powerfully reduced in number 
and are paired. After parallel conjugation a relatively powerful con- 
traction takes place of the chromosomes. 
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Fi£?. 3 a. Diploteiie in normal spruce. 
Xca. 900. 



Fig. 3 b. Diplotene in normal spruce. — 
Xca. 1300. 


During pachytene the 
chromosomes are distinctly 
paired, chromomere for 
chromomere. The chromo- 
somes then increase in thick- 
ness, which first manifests it- 
self by a swelling of the 
chromomeres. A contraction of 
the chromosomes occurs later 
in the middle of diplotene. 
The chromosomes separate 
more and more clearly from 
one another along their whole 
length, except at certain con- 
tact-points, as will be seen in 
Fig. 3 a. In Fig. 3 b the 
number of chiasmata are re- 
presented for each of the 12 
bivalents. The mean number 
of chiasmata per bivalent is 
at this point of time 2,3i + 0,o4, 
as seen in Table 1. Most of 
the chiasmata are interstitial 
and persist as such until early 
metaphase I. Any terminali- 
zation of chiasmata is, as we 
shall see later, either very in- 
distinct or, probably, non- 
existent. 

In the Angiosperms the 
nucleolus is generally dis- 
solved during the end of the 
diakinetic stage (Darlington, 
1937). The occurrence of the 
nucleolus during the greater 
portion of diakinesis, as well 
as its gradual disappearance 
during late diakinesis, may 
therefore be denoted as very 
characteristic of this stage in 
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TABLE 1. 


Tree 

No. 

No. of 

cells 

examined 

Division 

stage 

Distribution of bivalents with 
following number of chiasmata 

Mean chiasmata 
per biv'alent 

1 

2 

3 

4 

5 

112 

30 

Diplotene 


149 

150 

43 

18 

2,81 ± 0,04 

112 

30 

Diakinesis 


151 

148 

45 

16 

2,79 Jr 0>04 

112 ' 

24 

Melaphase 1 

3 

118 

115 

43 

9 

2,78 i 0,04 

101 

30 

» 

9 

158 

129 

53 

11 

2,72 rb 0,05 

220 

30 

v> 

6 

153 

136 

54 

11 

2,75 rb 0,04 

121 

30 


2 

155 

141 

52 

10 1 

2,76 zb 0,05 

4 

24 

» 

1 2 

118 

116 

45 

7 

2,78 zb 0,05 

16 

20 

x> 

i 

0 

102 

99 

28 

6 

2,70 Jz 0,05 

19 

20 


1 

96 

103 

27 

8 

2,73 Jz 0,05 


the Angiosperms. In Picea Abies, on the other hand, the dissolution of 
the nucleolus seems to take place considerably earlier and as a rule is 
going on at the beginning of diplotene. At the end of diplotene and 
during the diakinetic stage cells with a nucleolus are only rarely found. 

All chiasmata remain unchanged in diakinesis. Among other 
signs showing this is the chiasma frequency in 30 analysed cells of 
spruce 112. In these cells the mean number of chiasmata per bivalent 
was found to be 2,79 + Q,o4 during diakinesis. The same spruce showed 
a mean number of chiasmata per bivalent for the same number of cells 
during diplotene as was earlier observed, viz. 2, si ± O,04. The difference 
between these means is not statistically significant. 

In Fig- 4 a cell of spruce 112 is seen during diakinesis. The chro- 
mosomes are much contracted and the bivalents are of about the same 
order of magnitude as during metaphase L Here the number of 
chiasmata per bivalent is 2,83. This mean varies somewhat from cell to 
cell. The mean number of chiasmata per bivalent as between cells has 
varied during diakinesis between 2,67 and 3,o. The intra-cell variation 
is definitely greater and ranges from 2,o to 5,o chiasmata per bivalent. 
Solitary bivalents with one chiasma have been found only in meta- 
phase I (cf. Table 1). Bivalents with more than 5 chiasmata have not 
been observed. As is evident from most of the illustrations, the bi- 
valents vary in length. All the chromosomes have median or sub- 
median centromeres (cf. also K. and H. J. Sax, 1933). 

Metaphase I is illustrated by Figs. 5 and 6. Sometimes it occurs 
that a bivalent reaches the equatorial plane too late to range itself 
among the others. Such a late-comer will often be excluded from the 
common divisional plane of the other bivalents. This is probably due 
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to there being insufficient space on the metaphase plate. Under such 
circumstances this bivalent must divide alongside the equatorial plane 
of the cell. 

The relative sizes of the bivalents during metaphase I and the 
number of chiasmata per bivalent and their positions as well as the 
positions of the centromeres are illustrated in Figs. 5 and 6. In both 
figures the bivalents are drawn separately — without taken account 


'i 

-i 



Fig. 4. Dialdnesis in normal spruce. — X ca, 900. 

of their relative positions in the cell. Each figure contains, however, 
a complete set of bivalents. 

Figures showing the chiasma frequency during metaphase I are 
given in Table 1. The number of chiasmata per bivalent ranges from 
2,70 + 0,05 to 2,78 + 0,05. As will be seen, terminalization of chiasmata 
does not occur in proportion to the number of chiasmata per bivalent 
during diplot ene and diakinesis. From the table it is also evident that 
the variation between trees in respect of the mean number of chiasmata 
per bivalent is not statistically significant. 

According to Darlington (1937), a minimum terminalization ma 3 ^ partially 
depend upon the size of the chromosomes, for in Stenobotbrus amongst others he 
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observed that the small chromosomes invariably terminalize completely whereas the 
process is slow and incomplete in the case of the large chromosomes. On the other 
hand, in other species, e. g. of Allium, no such correlation seems to exist between 
terminalization and chromosome size. F'rom a comparison of different species 
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Darlington therefore infers that other factors, such as longitudinal contraction and 
repulsion of the centromeres, exercise a great influence on terminalization quite 
independently of chromosome size. MATfiER (1940) has advanced very strong reasons 
for assuming that chiasmata always strive for definite positions and that no visible 
change in position occurs after c'hiasma formation has taken place, except in those 
cases in which complete terminalization occurs. He therefore distinguishes between 
chiasmata that terminalize and such as remain interstitial. He says: »Thus, in 
general, terminalization is an all or none process ». 

First anaphase and the succeeding stages of division in the spruce 
proceed as normally and schematically as the prophase and first meta- 
phase divisions. Sometimes there persist for a time terminal con- 
nections or chromatin bridges between one or a pair of chromatids after 
the others have separated. Fragments or chromosome bridges with 
fragments have never been observed. When the chromosomes have 
reached the poles two daughter nuclei invested by nuclear membranes 
are formed in a norn^al manner. After that, the daughter nuclei enter 
into a resting stage, during which the chromosomes are difficult to 
distinguish and in course of time assume an appearance which to some 
extent resembles that of the mother-nucleus before division. In many 
daughter-nuclei during telophase I there appear 3 — 10 small globular 
bodies. Probably, extra nucleoli are concerned here similar to those 
described in Pisum by Hakansson and Levan (1942). These bodies 
appear during telophase I in most of the pollen mother-cells, though in 
varying number. During early interkinesis most of them probably 
coalesce. By the end of interkinesis the number has often been reduced 
to two or three nucleoli, which later entirely disappear before second 
prophase. 

No support has been found by me in the spruce for the hypothesis 
that the interkinetic stage is especially prolonged in time in the Gymno- 
sperms as compared with other meiotic stages. Tisghler (1943) states 
with respect to the length of the interkinetic stage: »In der alteren 
Karyologie wird angegeben, dass in gewissen Pflanzengruppen wie 
Pteridophyten und Gymnospermen die Neigung zu langen Interkinesen 
vorherrschen kann. Belege dafiir boten Botrychium, Helmintliostachys, 
Equisetiim, Larix, Taxodium, Pinus, Thuja u. a.», Tisghler himself, 
however, considers that external time factors probably have a greater 
influence than the genetic on the course of interkinesis. 

Second division follows the course of an ordinary mitosis. The 
chromosomes arrange themselves in regular plates and divide length- 
wise, which in reality means that only the centromeres divide, since 
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the chroniosomes are already divided into two chromatids. Second 
anaphase likewise proceeds quite normally and gives rise to four tetrad 
nuclei. As a rule the tetrads lie in the same plane. 


IV. MICROSPORE FORMATION IN PICEA ABIES. 

In Picea Abies the tetrad formation follows the simultaneous 
scheme as in Piniis silvestris (Vogel, 1936). In the asyndetic spruce 
the simultaneous tetrad division is also the most commonly occurring, 
although the succedaneous course of division has also been observed 
in a number of cells. The literature contains very divergent statements 
concerning tetrad division in the Gymnosperms. A collocation of the 
microsporogenesis in the Gymnosperms has been made by Schnarf 
(1933, pp. 6 — 10). Data relating to the production of microspores 
within Pinaceae are mainly confined to Pinus and Larix and are lacking 
as regards Picea. 

Pinus and’ Larix represent the simultaneous type (Nemeg, 1910; Dewise, 1922; 
Prosina, 1928; Strasburger, 1895; Ferguson, 1904; Juranyi, 1882). Other, rather 
deviating particulars have been given by Coulter and Chamberlain (1917) respect- 
ing Pinus laricio, the division of Avhich may take place both simultaneously and 
succedaneously. According to Coulter and Chamberlain, the last-mentioned division 
is the commonest. In Larix eiiropaea var. pendiila the microspore formation is also 
reported to be able to occur either according to the simultaneous or the succedaneous 
scheme. 

As a rule the tetrad division proceeds rapidly in Picea Abies, as 
does also wall formation between the tetrad nuclei. 

Following the heterotypic division certain thickenings in the plasm 
are now and then seen in telophase I as well as traces of a celbplate, 
though this plate disappears and is not laid down until anaphase II or 
after the tetrad nuclei have been formed. In spruces having normal 
meiosis the pollen mother-cells follow the simultaneous scheme. In 
the asyndetic spruce dividing walls are formed in some cases during 
metaphase II. Of 633 cells in metaphase II, 29 or 4,6 % had developed 
dividing walls. No compartment walls are formed immediately after 
the heterotypic division; however, they are laid down during meta- 
phase II. Fig. 7 shows a cell during early metaphase II, where the 
dividing walls are under construction. The compartment walls growing 
out during metaphase II seem as a rule to arise by a new formation of 
cell-plates in the middle of the cell, these growing out centrifugally 
towards the periphery of the cell (Fig. 7). 



312 


ENAR ANDERSSON 


Generally the cell-plate is thickest in the middle of the cell and 
therefore has the appearance of a very small and pointed nuclear 
spindle. However, the incomparably commonest way in which new 
dividing walls seem to be formed is by the joint action of cell-plates 
and cell-constrictions or so-called »Furchung» (Fig, 8). A similar wall 
formation in microspore-cells appears to have been found by Mann 
(1924) in Ginkgo biloba. Frequently the first cell is divided into two 
:>dyad cells », which in their turn are divided by cell-plate formation 
and »Furchung». Sometimes no complete cell-plate is seen at this 
division, the dividing walls appearing to arise solely as a result of 
»Furchung». It is however most probable that a conjoint action of 
cell-plates and cell-constriction is always involved in the construction of 
the dividing wall. In Fig. 9 a cell of spruce 181 is represented during 
metaphase II, where a cell-plate has been formed and a tendency to 
cell-constriction or centripetal wall formation exists. 

With regard to the laying down of the separating walls of the 
microspore cells in Pinus silvesiris, Vogel (1936) states among other 
things: »Wahrend der zweiten Teilung wurde die gauze Zelle mit zu- 
sammenhangenden, unregelmassig verlaufenden Plasmafaden erfiillt. 
Hieraus entstanden zarte Wande, die die Mikrosporen entstehen liessen 
und voneinander abschlossen . . . Bald verdickten sich diese Wande 
und vereinigten sich mit der inneren Wand der Sporenmutterzelle. Es. 
erfolgt weitere Verdickung der ausseren Wand, mit der eine Verstarkung 
der die Tochterzellen trennenden Wandung parallel geht». Vogel’s, 
exposition gives the impression that, to begin with, the thin dividing; 
walls hang freely in the cells, which is probably not the case. 


V. COURSE OF MEIOSIS IN THE ASYNDETIC 
SPRUCE No* m. 

1. PROPHASE, 

During early prophase in spruce 181 no major deviations are found 
from the course of division in a normal spruce. Leptotene and zygotene 
seem to proceed normally. Chromosome pairing in early pachytene is. 
approximately as complete in the asyndetic spruce (Fig. 10) as in any 
spruce with normal reduction division. Even during late pachytene 
and early diplotene there is a very distinct difference between the 
asyndetic type and the normal. All previously formed spirals between 
paired chromosomes within the bivalents seem to regress and the 
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chromosome pairs gradually fall apart and numerous univalents begin 
to appear. It is therefore clear that on the whole there has been a 
failure in the formation of real chiasmata* At the point when the 
chromosome contraction becomes noticeable during diplotene earlier 
contact-points within the chromosome pairs seem to vanish. Signs of 
chiasmata or crossing-over points between paired chromosomes are 
observed in solitary cases during diplotene, but it is impossible to 



10. Early pachytene in the asyndetic .spruce. — X ca. 3000. 


determine whether in such cases it is a question of real chiasmata or 
merely contact-points, or relational coiling. 

At diakinesis the difference between the asyndetic and normal 
spruce types is very distinct. Often 24 univalents are observed in every 
pollen mother-cell of spruce 181 (Fig. 11) or cells with 1 — 3 bivalents 
and respectively 22 and 18 univalents. Mnltivalents or coalesced chro- 
mosomes also occur in low frequency. Almost all the bivalents that 
occur have one chiasma. More rarely ring bivalents or bivalents with 
two chiasmata are observed. These chiasmata are generally terminal. 
Diakinesis passes over into metaphase I without any great noticeable 
changes. 
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2. FIRST DIVISION. 

During early metaphase I the chromosomes in cells with solely 
01 ' almost solely univalents lie scattered around in the cells. In cells 
with multivalentvS, on the other hand, almost all the chromosomes are 
clustered together. During metaphase I all kinds of transitional forms 
appear, and the chromosomes are mostly arranged more or less asym- 
metrically to the equatorial plane of the cell and the longitudinal axis 
of the spindle. 

In the asyndetic spruce the different meiotic stages of the first 
division are not so sharply differentiated as in normal meiosis. Earlier 
it was pointed out that the transition from diakinesis to metaphase I is 
less distinct in the asyndetic spruce. Almost as diffuse is the transition 
from metaphase I to anaphase I in spruce 181. This is largely due to 
the fact that in many cells only or almost only univalents occur. The 
univalents are scattered all over the cell. As a rule, they do not first 
of all arrange themselves into a nuclear plate in the equatorial plane 
of the cell but migrate direct to the poles (Fig. 12), Moreover, this 
separation toward the poles mostly takes place successively. The 
meiotic divisions in the normal and asyndetic types also differ in respect 
of time. The first division takes about double as long in the asynaptic 
spruce. There is however a smaller difference in time between the 
second divisions of the two types. Out in nature the meiotic division 
of the normal type goes on for 2 — 3 days. The corresponding time for 
spruce 181 is 4 — 6 days, 

A strong influence is naturally exercised on the division intensity 
by the temperature and light conditions. When male inflorescences 
of spruce are being forced in a greenhouse, light seems to have a greater 
effect than heat on the rate of division. In strong sunshine the second 
division of spruce in nature under a temperature of about + 15^^ G. 
may go on for two or three hours. During metaphase I one or more 
bivalents occur in about two-thirds of the total number of pollen mother- 
cells. More than five bivalents per cell is very rare. With the exception 
of some rod bivalents with interstitial and median chiasniata all bi- 
valents have terminal chiasniata. The majority of these consist of rod 
bivalents with one chiasma. In solitary cells multivalents have been 

nucleus. — Fig. 17. Anaphase I with misdivlsion of univalent.s. — Fig. 18. Late ana- 
phase I — telophase I with fragments, which have probably arisen through misdivision. 
— Figs, m — 20. Late metaphase I. — Fig. 19 shows a abridges with a fragment. — 
Fig. 20. Bivalent with interstitial chiasma. — Fig. 21. Late diplotene. Cell with 
much fragmentation. — X ca. 800. (The cell in Fig. 12 was fixed in acetic orcein.) 
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observed. Among 500 examined pollen mother-cells multivalents 
occurred in seven or in l,i % of the total number of pollen mother-cells. 
In a number of cells the chromosomes are fused together and cannot 
therefore be counted. The number of bivalents per cell has been 
counted in 11(34 cells. A division of the cells with respect to the number 
of rod and ring bivalents per cell and the mean number of chiasmata 
per bivalent within the different groups is given below. 

Number of bivalents per cell 0 

:> cells with 0 — 8 

rod bivalents . . 456 
» » cells with rod 

and ring bivalents 
:> » ring bivalents in 

these cells 

s- » cells with solely 

ring bivalents . , 

Mean number of chiasmata 
per bivalent 

Number of cells 456 240 240 108 48 44 16 4 8 1164 

From the table it will be seen that the number of chiasmata per bi- 
valent increases on account of the fact that the percentage of ring bi- 
valents per cell rises with increased number of bivalents per cell. The 
mean number of chiasmata per bivalent in the cells examined is 1,07. 
Real chiasmata thus appear to be formed in the asyndetic spruce, 
although the bivalent frequency is very low. In the examined pollen 
mother-cells bivalent formation was entirely absent in 39 %. In other 
cells examined there were 1644 bivalents out of 8496 possible ones. 
Expressed in percentage, the bivalent formation in cells with one or 
more bivalents will be 19,35 % of the number of possible bivalents. Of 
this frequency 113 out of 1644 bivalents, or 6,S7 %, consist of ring 
bivalents. In all examined pollen mother-cells from No. 181 the fre- 
quency of bivalents is only 11,77 % of the number of possible bivalents, 
or comparable with the bivalent frequency in spruce trees having 
normal meiosis. A division of this frequency into rod and ring bivalents 
gives 10, 90 % rod bivalents and 0,si % ring bivalents. Almost all ring 
bivalents have terminal chiasmata, the number possessing interstitial 
ones being insignificant. A single ring bivalent was observed with 
three chiasmata; all the rest had two. 

Besides ring bivalents, inetaphase I and anaphase I also exhibit 
ring-shaped univalents that have terminally attached chromosome-ends 
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and thus form a closed ring. These ring univalents were observed in 
37,2 Jo of the number of pollen mother-cells counted. The idea readily 
suggests itself that these ring univalents may be iso-chromosomes which 
have arisen through misdivision in one of the parental trees of the 
asyndetic spruce. Such iso-chromosomes have double segments and 
are therefore able to pair. A summary of works on iso-chromosomes 
is given by Muntzing (1944, pp. 245—246; cf. also 1945). In No. 181 
some cells contain one to three ring univalents, which makes it highly 
improbable that iso-chromosomes are concerned in this case. There- 
fore, a more likely explanation is that the ring univalents present have 
merely stuck together and that the attachment between the chromo- 
some-ends is of a heterochromic nature. The frequency of ring uni- 
valents per cell is as follows: 

'J’otal 

No. of ring univalents per cell 0 1 2 3 4 number 

of cells 

No. of pollen mother-cells 302 141 33 5 0 481 

The second division is also marked by the occurrence of solitary 
ring univalents, which makes it still more improbable that this is a case 
of iso-chromosomes. 

During metaphase I the relative positions of the chromosomes in 
the cells exhibit highly variable metaphase pictures. The chromosomes 
may either be evenly distributed (Fig. ll), heaped in the middle of the 
cell or at the cell-wall (Fig. 12), arranged in metaphase plates, which 
may be more or less displaced from the equatorial plane of the cell, or 
strewn at random round the nuclear spindle (Fig. 13). The chromo- 
some configuration in Fig. 13 has either been caused by a tripolar or a 
crescent-shaped spindle. This latter alternative would seem to be the 
more probable in this case. Tripolar spindles occur in low frequency 
in normal spruces, while abnormally stretched and semilunarly curved 
spindles are only met with in the asyndetic type (cf, also Darlington, 
1937, p. 415). These different metaphase pictures are a direct con- 
sequence of the behaviour of the univalents during metaphase L When 
no bivalents occur in the cells, the univalents mostly lie strewn at 
random round the cell or along the nuclear spindle. The univalents 
do not as a rule arrange themselves in a metaphase plate but preferably 
migrate direct to the poles. Their distribution on the two poles certainly 
seems to take place entirely at random (Fig. 12), although there is poor 
agreement with the theoretically expected distribution. When the chro- 
mosome groups are well separated, two interkinetic nuclei arise. 
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Occasionally some univalents may remain in the equatorial plane 
of the cell. These afterwards migrate either to one of the poles to 
enter into the two daughter-nuclei or to remain there and form an 
extra interkinesis nucleus. It also occurs that the univalents retarded 
at the equator join the two other chromosome groups and give rise to 
one or more restitution nuclei. Restitution nuclei occur however in very 
low frequency in spruce 181. 

In the presence of bivalents the majority of the univalents also 
seem to arrange themselves in a metaphase plate. Together with the 
bivalents they form a common plate at the equator (Fig. 14) or at the 
side of the latter. Univalents associated with real bivalents seem to 
have a tendency to behave as »bivalents» and to form a common plate 
with them. Those univalents which are not included in the metaphase 
plate generally remain in their original positions during division of the 
bivalents. Most frequently, however, one or more univalents are ob- 
served at or near the poles at the time the bivalents divide. These 
univalents must either have reached the poles before formation of the 
metaphase plate or have passed to the poles after the rest of the chro- 
mosomes had arranged themselves in a plate. When the paired members 
of the bivalents have separated and commenced their migration to the 
poles, the univalents also begin to shift towards one of the poles. During 
this anaphase migration other univalents scattered around in the cell 
also make their way to one of the two poles. 

Only in a few pollen mother-cells do one or more univalents remain 
in the equatorial plane of the cell and divide after the paired chromo- 
somes of the bivalents have separated (Fig. 15). After that, the two 
univalent halves or the chromatids either pass each to its pole and 
are included in the daughter-nuclei or remain at the equator and are 
marked off from the anaphase nuclei in small micronuclei. These split 
univalents may serve as connecting links between the anaphase nuclei 
and give rise to restitution nuclei (Fig. 16) if the separation of chromatids 
or possibly of only longitudinally divided univalents with undivided 
centromere takes place before the daughter-nuclei have invested them- 
selves in a cell-membrane. 

Univalent splitting seems lo be rare in the pollen mother-cells of absolutely 
asynaptic Angiosperms with one or more bivalents. Only among hybrids between 
Solanum tuberosum X S. ciirlilohum (Lamm, 1941) and certain inbred plants with 
absolute asynapsis in Alopecunis nnjosiiroides (Johnsson, 1944) have split univalents 
been found. On the other hand, such are common at anaphase I in plants with 
partial or rather weak asynapsis. This is the case in e. g, Hordeum (Ekstrand, 1932), 
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Crepis (Richardson, 1935), Pisum (Roller, 1938), Populus (Johnsson, 1940), and 
Secale (Prakken, 1943). In Picea Abies split univalents occur in anaphase I not only 
in cells with one or more bivalents, which may be regarded as cells with partial 
asynapsis, but also and most frequently in cells that have no bivalents. The centro- 
meres divide in anaphase I after the univalents have first oriented themselves in a 
regular metaphase plate. 

During late anaphase I the univalents distributed to the poles also 
divide lengthwise with the exception of the centromeres. The chromatids 
seem to be distributed both regularly and irregularly to the poles — 
undivided univalents occasionally pass at the same time as divided uni- 
valents to both the poles. A similar case has already been described by 
Lamm (1941) in sterile hybrids from the cross Solanum tuberosum X 
S, curtilobum. Bivalents also seem sometimes to pass undivided to the 
poles. This is particularly the case when only one bivalent occurs per 
cell. Such cases of non-disjunction, however, occur very rarely. Figs. 
17 — 18 illustrate indications to misdivision, which probably" occurs in 
solitary cells. Fig. 17 shows some lagging univalents while division is 
in progress. Their centromere regions are filamentously drawn out into 
bridges, and the centromeres do not appear to be able to divide. The 
fragments appearing in Fig. 18 are probably products of misdivision. 
These four fragments have pi'esumably arisen through the transverse 
division of the univalents. As in haploid rye (Levan, 1942), telocentric 
fragment-chromosomes have been observed in a number of cells during 
the second division. 

Misdivision has been specially discussed and described by Darlington (1939, 
1940) in FritiUaria kamtschatkcnsis. Further cases have since been found in several 
materials, e. g,, in Godetia Whitneyi (HAkansson, 1940 a and b), Secale (Levan, 
1942; Prakken, 1943; MOntzing, 1944), and Beta (Lev.4n, 1945). Even before 1939 
cytological observations that can be interpreted as misdivision were made by several 
workers (cf. MOntzing, 1944). 

As already mentioned, in a number of pollen mother-cells one or 
more split univalents make their appearance. The number of cells with 
split univalents and the number of split univalents per cell in 1164 cells 
are summarized below; 

No. of split uni- 
valents per cell 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
No. of cells con- 
taining split uni- 
valents 10 6 35210110320042002 1 02 1 2 

Among 1164 pollen mother-cells split univalents were observed in 
48 cells or in 4,i % of the number of cells. In two cells all the uni- 
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valeiits were divided. The longitudinal division and the division of the 
centromeres in the univalents take place during anaphase I. Sometimes 
the division is incomplete in so far as the centromeres of a number of 
univalents remain undivided and only the chromatids separate. In the 
above collocation of split univalents, therefore, only such as possess 
divided centromeres have been included. 

Besides the previously described anomalies in the meiotic division 
of the asyndetic spruce there occur considerably drawn-out bivalents 
with fragments — resembling inversion bridges with fragments — 
together with stickiness in a number of pollen mother-cells. Among 
the 1164 cells examined band-like drawn-out terminal or interstitial con- 
nections between some chromosomes have been observed in 161 cases 
or in 13,83 % of the number of examined and analysable pollen mother- 
cells. In these cells only one bridge per cell was found as a rule; in 
but few cases were 2 — 5 bridges per cell observed. Figs. 19 — 20 illustrate 
some bivalents and bridges of this kind. All these bivalents have one 
chiasma, as will be seen from the illustrations. 

Judging from their positions and from the shape of the bivalents, 
the repulsion between the centromeres of the bivalents would seem to 
be of fully normal strength. Those parts of the bivalents which are 
located between the centromeres and chiasmata are mostly drawn out 
into long threads or chromosome bridges. In 13 of the 161 cells, or in 
8,1 % of the number of cells with such bivalents, there are fragments 
of varying size together with bridges. This suggests the occurrence of 
inversion bridges, which would have arisen through crossing-over 
within the inversion coils. Thus, fragments occurring together with 
chromosome bridges would afford a strong support for the assumption 
that real inversion bridges are concerned in the thirteen cases just cited. 

Arguing against this assumption is the absence of inversion bridges 
in normal spruces as well as the type of the bridges. There is reason 
to expect that the number of inversions in the asyndetic spruce is less 
than in the normal type owing to reduced chiasma formation. The 
general type of inversion bridge has not been met with in the asyndetic 
spruce. The fragments found together with the bridges need not 
necessarily be interpreted in this case as a sign of inversions. 

Fragments also occur in a few cells without bridges. These frag- 
ments already arise at early diplotene through collapse of the chromo- 
somes, which takes place in solitary cells. Fig. 21 illustrates such a 
transversal collapse of the “chromosomes during late diplotene. In some 
cells showing much fragmentation there arise at metaphase I chromo- 
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some configurations which seem to be identical with the stickiness in 
Zea mays (Beadle, 1932) and Alopecurus myosuroides (Johnsson, 
1944). 

During anaphase I the univalents in the asyndetic or asynaptic 
spruce appear to be distributed more or less at random to the two 
poles. In cells with solely or almost solely univalents there would 
therefore be reason to expect a completely random distribution of the 
chromosomes. The 12 : 12 distribution should quite naturally be the 
most frequently occurring one, while distributions such as 1 : 23, 2 : 22, 
3 : 21 or 23 : 1, 22 : 2, 21 : 3, etc. ought to occur very sparingly if the 
distribution is to be binominal. To determine the chromosome dis- 
tribution in different pollen mother-cells during anaphase I 186 ceils 
were examined. The results are presented in Table 2. In making the 
chromosome counts the cell-pole that had been directed towards the 
north or the west part of the visual field in the microscope was in- 
variably counted and recorded first. By this means the 17 : 7 distribution 
could be distinguished from the inverse one, 7 : 17, which theoretically 
ought to occur equally often as the former. This procedure is not 
necessary unless it is desired to record the distribution of the pollen 
mother-cells with regard to the chromosome distribution in the same 
manner as a binominal series. 


TABLE 2. Distribution of pollen mother-cells with varying or equal 
numbers of chromosomes at the poles daring anaphase I in spruce tSl. 


Distribution 
of chromosomes: 0:24 

1:23 3:22 3:21 

4:20 

5:19 

6:18 7:17 

8:16 9:15 

10:14 

11:13 

No. of pollen 
mother-cells: 1 

3 5 3 

5 

4 

7 

9 

10 12 

9 

15 

Expected 

distribution: 0,oo 

0,00 0,00 0,02 

0,12 

0,47 

1 ,49 3,84 

8,15 14,50 

21,74 

27,67 

Distribution 

of chromosomes: 12:12 13:11 14:10 

15:9 

16:8 

17:7 18:6 

1 19:5 20: 

4 23:1 

22:2 

No. of pollen 
mother-cells: 21 

13 9 

11 

9 

10 

8 

5 3 

4 

3 

Expected 

distribution: 29,98 

27,67 21,74 

14,50 

8,15 

3,85 

1,49 

0,47 0,12 

0,02 

0,oo 


Distribution 

of chromosomes: 23:1 24:0 


No. of pollen 
molher-celJs; 4 3 

Expected 

distribution: 0,oo 0,oo 
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Table 2 compares the found distribution of the pollen mother-cells 
with the binominal distribution [p + q)"^. As the probability that a 
certain chromosome will pass to a certain pole during anaphase I is 
V 2 , the two probability values in this case have the value ^ 2 - If the 
binominal (V 2 + is expanded and multiplied by the number of 
pollen mother-cells, the expected distribution will be obtained. There 
is undoubtedly a very bad agreement between the found and the ex- 
pected distribution, and it is beyond all doubt that the two series are not 
identical. Not even a very powerful increase in the number of pollen 
mother-cells examined can in this case alter the agreement between the 
two series. This is most clearly evident from the direct probability 
values for the different classes obtained by expanding the binominal 
(V 2 + In this expansion we obtain in the numerator the follow- 

ing binominal series: 1; 24; 276; 2.024; 10.626; 42.504; 134.596; 346.104; 
735,471; 1.307.504; 1.961.256; 2.496.144; 2.704.156; 2.496.144; 1.961.256; 
1.307.504; 735.471; 346.104; 134.596; 42.504; 10.626; 2.024; 276; 24; 1. 
The common denominator for all terms will in this special case, when 
p and q are equal, then be 16.777.216. From this binominal distribution 
it is seen that the number of expected pollen mother-cells having, for 
instance, the 1 : 23 and 23 : 1 chromosome distribution will in each 
case be 24 out of 16.777.216 possible cases. According to the same 
distribution, the probability of finding cells with the 0 : 24 or 24 : 0 
chromosome distribution is altogether only 2 cases out of 16.777.216. 

We see from this that even with a very large number of examined 
cells the values for the extreme classes in the expected distribution will 
be 0. Utilizing the method as a criterion for judging whether 
hypothesis and observation are in agreement with each other, the 
quotient between the difference of the series for the lowest classes and 
the expected distribution (O) will consequently be infinitely large. Apart 
from these distribution classes the observed and expected frequences 
are statistically quite different from each other. Only the values for 
a couple of classes are necessary to give a P value of 0,o()i, which is 
immediately obvious from the two distributions, or perhaps still better 
from the following arrangement in which classes with in reality the 
same distribution have been grouped together: 


0:24, 1:23, 2:22, 3:21, 

4:20, 5:19, 0:18, 

7:17, 

8:16, 

9:15, 

10:14, 

ll:i:i 

, 12:12 

11 8 7 

8 9 15 

19 

19 

23 

18 

28 

21 

0 0 0,04 

0,24 0,94 2.98 

7,68 

16,30 

29,00 

43,48 

55 , .34 

29,98 


Thus, the distribution of pollen mother-cells with varying or equal 
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numbers of cbromosonies at the poles does not agree with the expected 
binominal distribution. The chief cause of this seems to be that the 
chromosomes have a certain tendency to appear in groups. These 
groups cause a considerable displacement in the expected binominal 
distribution of the chromosomes, behaving as they often do as one 
unit and entirely or partially migrating to one of the poles. This is 
especially the case in non-disjunction, which phenomenon per se implies 
an irregular distribution of the chromosomes. To this comes the fact 
that univalents plus one or a couple of bivalents will sometimes form 
a common group that often also behaves as one unit and passes to 
one or the other of the two poles. 

3. INTERKINESIS. 

During interkinesis more than two interkinetic nuclei frequently 
arise as a consequence of an irregular first anaphase separation. In 
several cases three or four nuclei per cell were observed and in one 
case five interkinetic nuclei among 274 examined cells. Cells with more 
than five nuclei occur rather sparingly. Still, in one cell 16 interkinesis 
nuclei could be distinctly observed, which shows that a single chromo- 
some is able to form an extra nucleus. In cells having two nuclei the 
interkinesis nuclei are often of different size. As was expected, uni- 
cellular interkinesis also occurs in a number of cells Sometimes uni- 
valents and fragments in the plasm also appear outside the interkinetic 
nuclei. 

4. SECOND DIVISION. 

The second meiotic division is fairly normal in most of the cells, 
i. e. cells which contain solely double chromatids and are devoid of 
fragments. All other cells with one or more single chromatids, frag- 
ments, stickiness, three metaphase groups, or chromatin bridges are 
marked by a series of irregularities. This last group of cells consists 
of about 25 % of the number of pollen mother-cells. As a consequence 
of the irregular distribution of the chromosomes during anaphase I 
pollen mother-cells containing a highly varying number of chromosomes 
occur during the second division (Figs. 7, 9 and 22). A relatively good 
agreement exists between the distribution of univalents observed during 
metaphase I and early anaphase I and the number of chromosomes in 
the configurations during metaphase II. This correlation is brought out 
clearly by the following comparison. 

^ Out of 274 examined cells, restitution nuclei were formed in 24 cases or 8,76 %. 
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Chromosome distribution among daughter-cells 
No. of pollen mother-cells: (i:24, 1:23, 2:22, 3:21, 4:20, 5:19,6:18, 7:17, 8:10 

In anaphase I 4 7 8 7 8 9 15 19 19 

In mefcaphase II 15 5 6 8 7 6 12 15 14 

No. oF pollen mother-cells: 9:15, 10:14, 11:13, 12:12 No. of cells laid clown 

In anaphase I 23 18 27 21 186 

In metaphase II . 18 28 36 23 193 


The number of cells having an unreduced chromosome number has 
increased substantially in comparison with what was the case after 
distribution of the univalents during metaphase I. This is due to the 



Fig, 22. Metaphase II in the asyndetic spruce. — Fig. 23. Telophase II with single 
chromatids remaining on the equator. — X ca. 800. 


appearance of several restitution nuclei in anaphase I on account of the 
fact that lagging univalents in the equatorial plane and split univalents 
in certain cells have succeeded in establishing connecting links between 
the daughter-nuclei, which as a result have been united to one restitution 
nucleus. Some cells contain single as well as double chromatids. The 
single chromatids dexuve from the univalents divided in anaphase I. In 
metaphase II these chromatids are unable to divide and therefore remain 
on the equator during anaphase II (Fig. 23), to be eliminated from the 
tetrad nuclei and form micronuclei. 

In most of the cells the chromosomes pass to the equator and form 
regular metaphase plates. In other cells they lie more or less scattered 
round the whole cell during metaphase II. The last-mentioned cells 
often seem to develop restitution nuclei and micronuclei. As in the first 
division, fragments appear in a few cells. These fragments may either 
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Fig. 24. A cell with unreduced chromosome number during anaphase II. — 

X ca. 1950, 



Fig. 25. »Pollen tetrads» from the asyndetic spruce. The variation in size among the 
pollen tetrads is remarkable and seems to admit of being put in association with the 
abnormality caused by .stickiness. — X 120. 
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split and be included in the tetrad nuclei or remain unsplit in the 
equatorial plane. 

A characteristic feature of cells with stickiness is, as in the first 
division, the presence of a number of chromatin clumps and fragments 
with chromatin bridges. However, a rather large number of free 
chromatin bridges seem to occur during the second division. Still, there 
are not so many unchanged or normal chromatids. The amount of 
chromatin may vary but is largely the same in the two daughter-cells. 
In solitary cells the chromatin masses in one or both daughter-cells seem 
to divide rather normally. Most frequently, however, cells characterized 



Figs. 26—28. »Tetrads» with variable number of cells and nuclei in the 
asyndetic spruce. — X ca. 650. 

by stickiness give rise to one or more iiiicronuclei, which probably 
degenerate. 

Cells in which the heterotypic division has failed to appear divide 
normally if all the chromatids are double. If some of the chromatids 
are single, these remain on the equatorial plate during anaphase and 
form micro nuclei. A rare case of two chromatids with an undivided 
centromere during anaphase II is reproduced in Fig. 24. It is also 
possible that this univalent is on the way to the equator to divide there. 

The »tetrads» in the asyndetic spruce are very irregular (Figs. 25 — 
28). The number of nuclei and cells varies remarkably per »tetrad», 
as is evident from the illustrations as well as the following figures : 

No, of nuclei and cells per ))tetrad)): 2 3 4 .5 (1 7 Total 

No. of »tetrads»; . 8 24 298 36 6 3 375 


A large number of the » tetrads » contain, as expected, extra micronuclei, 
the three first groups containing the most. 
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In the largest »tetrad» group the distribution of micronuclei is as 
follows: 

No. of micronuclei per ))tetriui» 0 1 2 B 4 5 6 7 8 Total 

No. of » tetrads » 156 65 51 21 7 3 3 1 1 298 

The number of microsporocytes with an unreduced chromosome 
number has decreased during the second anaphase, which is to be seen 
from the number of dyads as compared with the number of restitution 



Fig. 29. Pollen from the asyndetic spruce. — X 120'. 


nuclei in the interkinesis stage. This decrease was due to the fact that 
these pollen mother-cells, unreduced duz'ing interkinesis, had contained 
single chromatids. During the second division such cells showed lagging 
chromosomes, which in most cases resulted in the arising of » triads » 
with nuclei of different size or » dyads » with micronuclei. Monads with 
only one nucleus were not observed. The remaining » triads » probably 
arose because one of the daughter-cells divided during the second 
division while the other daughter-cell formed a restitution nucleus. 
Dyads without micronuclei also occasionally exhibit variable nucleus- 
size. Two of the eight dyads contained respectively one and three extra 
micronuclei. The numbers of extra micronuclei in the 24 triads were: 
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No. of extra nuclei per triad: 0 1 2 3 4 5 

No. of triads: 8 6 3 4 2 1 


Total 

24 


In the 36 pentads the number of extra micronuclei was as follows; 

No. of extra nuclei per pentad: 0 1 2 3 Total 

No. of pentads: 26 7 2 1 36 

Only one of the hexads contains a micronucleus. Stickiness and 
the irregular chromosome distribution in the asyndetic spruce give rise 
to a very irregular pollen, which varies both in size and form (Fig. 29). 


VI. THREE CASES OF STICKINESS. 

The expression » sticky chromosomes » was first employed by 
Beadle (1932) to denote a special abnormality of the chromosomes. 
This malformation consists in the chromosomes forming fused 
chromatin masses during meiosis and thus losing their individuality (cf. 
also Beadle, 1937; Johnsson, 1944; Darlington and La Cour, 1940, 
1945). Sticky chromosomes, moreover, seem to be considerably smaller 
than normal chromosomes. Beadle found in maize a single recessive 
gene which caused stickiness in somatic divisions as well as to a still 
higher extent in, meiotic divisions. As already mentioned, similar ab- 
normalities occur in solitary microsporocytes in the asyndetic spruce. 
Stickiness was also found in another three spruces. In pollen mother- 
cells derived from these trees the chromosomes are fused into more or 
less irregular chromatin masses. The prophase stages are specially 
difficult to distinguish, the chromosomes in all these stages being drawn 
out into chromatin threads or coalesced into chromatin clumps. All 
kinds of transitional forms between normal or almost normal meiosis 
and complete stickiness appear. 

In Figs. 30 and 31 two cells with pronounced stickiness are re- 
presented. Fig. 32 illustrates a cell having a normal or nearly normal 
meiosis. Each of these pollen mother-cells contains 12 bivalents^ 
although these are very powerfully contracted. Of more occasional 
occurrence are cells with considerable fragmentation. This anomaly is 
in the asyndetic spruce more characteristic of cells exhibiting stickiness. 
On the other hand, asymmetric »bivalents» and »multivalents» with 
abnormal chiasmata occur. An apparently normal anaphase I with 
greatly contracted chromosomes is illustrated in Fig. 33. After ana- 
phase I there usually follows a normal binuclear interkinesis. More 
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sporadically cells are found with three nuclei, nuclei of very variable 
size, or restitution nuclei. 

The second division, like the first, shows different transitional 
forms. About half of the tetrad nuclei are of variable size, and micro- 
nuclei occur in most of the cells. After the second division several 
microsporocytes exhibit signs of degeneration. 



Figs. 30 — 31. Cells ^yith sticky chromosomes. — Fig. 32. Almost normal metaphase I 
in » sticky spruces ». — Fig. 33. Anaphase I with greatly contracted chromosomes in 
a »sticky spruce». — Fig. 34. .Somatic chromosomes from root-tips of offspring 
from the asyndetic spruce. Metaphase in a plant with 2n = 24 + 2 f (four chro- 
mosomes are furnished with trahants), — Figs. 30 — 31, X ca, 1000. Fig. 34, 

X ca. 1650. 


Two of these three spruces are derived from Brunsberg and one 
from Holjes. The growth locality of the spruces from Brunsberg is 
situated 70 metres above sea-level, while that of the spruce from Holjes 
is about 500 metres above sea-level. For fixation purposes the buds 
were collected direct from the trees. At the. time of meiotic division in 
the spruces, which in 1945 occurred in Varmland between April 12 and 
18, great differences in day and night temperatures are not uncommon. 
Especially on southern slopes the temperature may rise to between 
H- 15 and + 20° C. on sunny days and fall during the night to between 
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— 10 and — 15° C. At Brunsberg a minimum temperature of — 8 to 

— 8,4° C. was registered on a couple of nights during the period in 
question. On the other hand, the temperature during the day kept 
between + 9,s and + 14, i° C. 

The possibility cannot therefore be ruled out that these cases of 
stickiness were caused by cold shock. In support of this hypothesis 
an experiment may be adduced that was carried out at Brunsberg on 
April 19, 1945. Branches bearing male inflorescences from No. 112 
Brunsberg, which had been forced for twenty-four hours in a green- 
house at a temperature of + 18° C., were placed for the night out in 
the open. The minimum temperature during the night was registered 
at — 8,4° C. At the time the branches were moved out the pollen 
mother-cells were in process of division, and a control examination 
showed the majority to be in metaphase I. When the branches were 
taken in the following morning, most of the cells, after fixation, showed 
stickiness. The disturbances of meiosis following the cold treatment 
were at least as powerful as in the three »sticky spruces ». Controls left 
in the greenhouses all showed normal meiosis. 

Militating against the assumption that the stickiness in the three 
spruces mentioned is a consequence of temperature changes is the fact 
that two spruces from the same locality at Holjes and three from Bruns- 
berg, which were fixed at the same time as the spruces found with 
stickiness from these localities, did not present any meiotic disturbances 
whatever. 

From experience we know that the seed-setting of forest trees is 
especially poor in high positions, which means that self-juvenescence is 
jeopardized to a high degree within such forest areas. Now, does this 
poor seed-setting depend to some extent on modificative disturbances 
in the course of meiosis or to unfavourable clhnatical conditions during 
the pre- and post-fertilization periods? Unfortunately, we are not able 
at present to answer this and similar questions. 

VII. PROGENY OF No* m AFTER FREE FLOWERING* 

The 62 surviving plants after wind pollination of No, 181 exhibit 
highly varying height growth, growth habit, needle-length and stoma- 
size (cf. Tables 3 and 4). The variation within this progeny-group is 
strikingly large compared with that within the other progeny-groups 
of the same age from normal spruces. In habit some of the plants are 
reminiscent of witch-knot. This habitual variation is in all probability 
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TABLE 3. 

Comparison between stomatal size, plant height 

and some 

chromosome 

: numbers in progeny of 

spruce 181 

after free 

flowering 


(1 scale division 

= 2,47 /i). 




Stomatal length Stomatal breacUh 

Plant height 
in mm. 

Plant No. 1 


13,68 + 0,08 

70 


2 


12,63 ± 0,09 

102 


3 


12,97 + 0,07 

81 


4 


12,69 ± 0,09 

110 


5 


12,35 ± 0,09 

93 


G 


12,79 ± 0,11 

98 


7 


12,84 ± 0,08 

95 


8 


13,50 ± 0,09 

123 


9 

20,80 + 0,11 

13,52 ± 0,09 

122 


10 


15,2! ± 0,11 

50 


11 


13,58 ± 0,10 

114 


12 


13,18 ± 0,09 

140 

24 ± 

IS 

21,55 + 0,15 

1A,75 ± 0,1S 

78 


U 


13,24 ± 0,09 

70 


15 


13,29 ± 0,10 

65 


16 


13,63 ± 0,12 

88 


17 


13,11 ±0,11 

128 

24 

18 

20,32 + 0,11 

13,08 ± 0,09 

130 


20 

20,89 + 0,13 

1 3,17 ± 0,11 

65 

24 

21 

20,19 + 0,08 

13,10 ± 0,08 

104 


22 

20,45 + 0,12 

13,12 ±0,10 

87 


23 

23,27 -^0,11 

i5,56 ± 0,17 

110 


24 


13,58 ± 0,09 

121 


25 


13,24 ± 0,10 

60 


26 

19,91 + 0,11 

13,08 ± 0,11 

35 


27 

22,30 + 0,1G 

15,06 ± 0,11 

66 


28 


13,18 ± 0,09 

90 


29 

19,62 + 0,08 

13,84 ± 0,11 

48 


30 

22,90 + 0,13 

15,10 ± 0,10 

122 


31 

19,40 + 0,10 

13,17 ± 0,12 

95 


34 

21,78 + 0,12 

1 3,29 ± 0,06 

130 

24 

35 

20,55 ±0,12 

13,58 ± 0,11 

30 


36 

19,97 + 0,11 

13,35 ±0,11 

122 


37 

20,29 + 0,12 

13,00 ± 0,12 

98 


38 

20,77 + 0,15 

13,09 ±0,11 

47 


39 

21,31 + 0,14 

13,85 ± 0,12 

103 

24 

40 

21,18 + 0,12 

13,70 ±0,10 

137 

24 

41 

19,58 + 0,10 

13,49 ± 0,11 

63 


43 

20,90 + 0,16 

13,22 ± 0,13 

64 


46 

20,94 + 0,18 

13,67 ± 0,12 

112 

24 

47 

20,88 + 0,13 

13,88 ± 0,11 

125 

24 

48 

21,16 + 0,11 

12,68 ± 0,10 

126 

24 
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Stomatal length 

Stomatal breadth 

Plant height 
in nim. 

2n 

Plant No. 40 


13,75 ± 0,13 

110 

24 

50 


14,12 ± 0,09 

118 


51 


13,57 ± 0,11 

102 


52 

21,09 + 0,12 

13,85 ± 0,11 

102 


53 


14,27 ± 0,09 

110 

24 ± 

54 

20,25 + 0,10 

13,99 ± 0,10 

142 

24 ± 

55 


13,23 ± 0,10 

85 


56 


13,30 ± 0,10 

120 

24 ± 

58 


13,60 ± 0,10 

87 


59 


13,34 ± 0,09 

96 

24 ± 2fl\ 

60 


H,40 ± 0,h) 

76 


62 


15,7r> ± 0,U 

80 


63 

20, 2C + 0,11 

13,20 ±0,10 

140 

24 

64 

21,54 + 0,11 

15,06 ± 0,21 

no 


65 


13,25 ± 0,10 

75 


66 

20, S8 + 0,12 

13,65 ± 0,09 

93 


67 

20,88 + 0,11 

1 3,58 ± 0,10 

111 


68 


13,72 ± 0,09 

118 


69 


12,87 ± 0,11 

50 


70 


13,49 ± 0,09 

80 



caused by the genotypic constitution. The majority of the plants, how- 
ever, have a noi'mal growth habit and show ordinary growth in height. 
All the progeny-plants were root-fixed during the summer of 1945 on 
five different occasions. On account of the nature of the chromosomes 
it has unfortunately only been possible to count a few plants. 

In Picea Abies the chromosomes are long and often lie entangled 
in the somatic cells during metaphase, with the result that it is usually 
impossible to determine the somatic number. Similar difficulties have 
been experienced by K. and H. J. Sax (1933) in attempts to determine 
the chromosome number in root-tips of Conifers. 

Among the progeny of No. 181 it has been possible to count the 
chromosomes of 15 plants. Four of these counts are uncertain, how- 
ever. Annoyingly enough, the chromosome number of some of the 
habitually deviating plants have not admitted of being counted, as will 
be seen from Table 3. In one of the plants with an ordinary growth- 
habit and normal stoma-size one plate has 24 chromosomes + two 
fragments (Fig. 34). Other plants counted have 24 chromosomes. 

At the examination of the stomata in the progeny 35 cells were 
measured on each of three needles per plant. The needles were taken 
from the top of the plants. With the exception of two plants, in which 
100 stomata were measured, 105 observations were accordingly made 
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per plant. Thus, altogether 6.500 measurements were made. On an 
average taken over the whole progeny the length of the stomata 
is 27,78 + 0,oo23 scale divisions and the corresponding cell-breadth 
13,57 + 0,0016 divisions (1 division = 2,47 //.). The variation in cell-size 
of the individual plants is given in Table 3. Four plants deviate very 
much in both breadth and length of cell and three plants in cell-breadth. 
In these plants the length and breadth of the cells are on an average 
9,2 and 12, i % larger than the corresponding mean of all the progeny 
of No. 181. 


TABLE 4. Analysis of variance. Length of stomata in progeny obtained 
from spruce 181 after free flowering. 


V a r i a t i o n 

Df. 

Sum of 

squares 

Mean 

square 

Qiiot. 

Between plants 

61 

12.494,69 

204,83 

124,29=-'='=* 

Within plants (= error) 

... 6438 

10.610,11 

1,648 

P < 0,001 

Total 

6499 

23.104,80 



Between needles within plants . . . 

... 124 

1.363,66 

11,0 

6,67=’==^'* 

Within needles 

... 6314 

9.246,45 

1,470 

P < 0,001 

Total (within, plants) 

6438 

10.610,11 




Stomatal breadth in same progeny. 


Between plants 

Within plants ( — error) 

... 61 

... 6438 

3.360,27 

7.840,53 

55,09 

1,218 

45, 23**=^= 

P < 0,001 

Total 

6499 

11,200,80 



Between needles within plants . . . 
Within needles 

... 124 

... 6314 

1.392,75 

6.447,78 

11,23 

1,021 

P < 0,001 

Total (within plants) 

6438 

7.840,53 



In Table 4 the variation in stoma-size has been divided into variation 


between plants and between needles within plants. The table shows 
that there is a significant difference in cell-size between plants as well 
as between needles within plants. It is surprising that the last-mentioned 
variation is significant, since, as already pointed out, the needles were 
taken from the top of the plants. 


Heredihis XXXIH. 


22 
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VIIL CONCLUSIONS AND DISCUSSION. 

With the exception of Sequoia sempervirens, Pseiidolarix amabilis 
and Juniperus chinensis Pfitzeriana no stabilized polyploid species have 
been found among Pinaceae and Gupressaceae. These three species all 
have the tetraploid chromosome number and thus constitute the only 
cases within these plant>groups in which polyploids and environment 
have formed a favourable combination. Probably polyploid individuals 
occur now and then in other allied genera, although they have been 
unable to survive as stabilized species. It is of some interest to note that 
the three polyploid species found among coniferous trees seem to be 
autopolyploids (cf. K. and H. J. Sax, 1933). In nature no allopolyploid 
species or individuals of spontaneous origin are at present known among 
the Conifers, although Syrach Larsen and Westergaard (1938), by 
crossing Larix decidua (2n = 24) to L. occidentalh (2n = 24), succeeded 
in obtaining a triploid hybrid (2n = 36) which, since two different 
species are concerned here, must be considered to be an allotriploid. 

The autotetraploids found among the Conifers would seem to have 
appeared in two steps, probably through an unreduced ovum in a 
diploid tree being fertilized by a haploid pollen-grain from another 
diploid tree and in course of time giving rise to a triploid plant. This 
triploid in its turn probably produced an unreduced egg-cell that was 
fertilized by a haploid male gamete. If the tetraploids had arisen in one 
step, this would imply that an unreduced macrospore had been fertilized 
by an unreduced microspore which had likewise arisen. However, the 
chance of two unreduced gametes arising and fertilizing each other 
must be said to be infinitely small. Moreover, a fertilization of that kind 
would probably cause a disturbed development of the seeds, as during 
seed development three different tissues are in very intimate connection 
with each other, viz. the investing somatic tissues of the mother-tree 
and the embryo and endosperm tissues (cf. MtiNTZiNG, 1933, 1936). 

After normal fusion of haploid gametes in diploid Conifers the 
relation between the chromosome numbers of these tissues is expressed 
by the ratio 2:2:1, in the order given. If it were possible for two 
unreduced gametes in diploid coniferous trees to fuse with each other, 
the corresponding ratio would be 2 : 4 : 2, which may cause physiolog- 
ical as well as morphological disturbances in the connection between 
embryo- and endosperm-tissues and the surrounding diploid tissues. It 
is of course also conceivable that triploid plants may arise as a result 
of a haploid egg-cell being fertilized by an unreduced pollen-grain. That 
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seems in fact to have been the case in the triploid larch hybrid obtained 
(cf. Syrach Larsen and Westergaard, 1938), Among the Angio- 
sperms, however, in crosses between diploid individuals, triploid progeny 
seem more likely to arise when unreduced egg-cells are fertilized by 
haploid pollen-grains than in the case in the other direction. These 
differences in seed development depend, according to Muntzing, in all 
probability on numerical changes in the chromosome sets as between 
embryo, endosperm and the surrounding somatic tissues of the maternal 
plant (cf, MtlNTZiNG, 1933, 1936). 

The relation in chromosome numbers between the endosperm and 
the investing somatic tissues of the mother-plant frequently seems to be 
of importance for the development of the endosperm. Probably, how- 
ever, different species react differently to disturbances between these 
tissues. The first -mentioned conclusion corresponds well with the 
results reported by Cooper and Brink (1940) respecting the develop- 
ment of the endosperm and the innermost cell-layer of the integument 
after self-fertilization in Nicotiana rastica and after the cross N. riistica 
(21 = 24 ) XiV. gluiinosa (n = 12). In that case the endosperm and 
investing tissue develop quite differently after self-fertilization and 
crossing. After selfing the endosperm and its surrounding cell-layers 
grow normally (about 77 % of the volume of the ovule consists of endo- 
sperm and 23 % of »nucellus»), while the relation between these tissues 
in the hybrid A", riistica X A. ghitinosa is essentially changed (only 
about 25 % is endosperm while 75 % of the volume of the ovule consists 
of »nucellus»). In the last-mentioned case the innermost cell-layer of 
the inner integument produces a considerable number of cells, which in 
course of time completely enclose the endosperm. This results in a 
rupture of the funicle, and communication between endosperm and 
placenta ceases. This type of abortion may be associated with the 
change in the chromosome relations between endosperm and surround- 
ing somatic tissue. At inbreeding the chromosome ratio as between 
embryo, endosperm and surrounding somatic tissue is the normal, 
2:3:2, or in this case 4:6:4, while the ratio as between the same 
tissues af ter the cross mentioned is 3 : 5 : 4. 

Some abnormal conditions in the development of endosperm and 
antipodal cells after crossing Hordeum jubatum {n — 14) to Secale 
cerecde [n = l) have been described by Brink and Cooper (1944) and 
Cooper and Brink (1944). These disturbances, however, may also 
depend on other causes than solety changes in the chromosome sets 
between neighbouring tissues. 



336 


ENAR ANDERSSON 


Besides the cases already mentioned, polyploid forms may also 
occur as a result of asyndesis. This implies nothing fundamentally 
new in comparison with the cases just described, as in that case, too, 
the polyploids must be considered to arise through the union of an 
unreduced and a haploid gamete or of two unreduced gametes. How- 
ever, the possibility of unreduced gametes appearing is considerably 
greater in asyndetic trees than in trees having a completely normal 
reduction division. It cannot therefore be ruled out that a number of 
triploid plants may appear in the vicinity of an asyndetic tree. These 
triploids will then have many opportunities of crossing either with 
neighbouring diploids or with triploids and aneuploid half-sibling plants 
in the vicinity. Such crosses ought to result in the production of, for 
instance, tetraploids and new triploids. 

Although the Conifers undoubtedly suffer from self-sterility, it has 
]3een shown that a certain amount of seed-setting may be expected after 
self-fertilization of, e. g., spruce and pine (cf. Dengler, 1932, 1939). 
The polyploids that arise, like other polyploids among the Angiosperms, 
should be more self -fertile and less susceptible to inbreeding depression 
than the corresponding diploid Conifers. In the spruce, however, some 
degree of inetaiidry (protogony) seems to exist (SylveN, 1910; Syragh 
Larsen, 1937). This difference in flowering-times of female and male 
flowers on the same tree may therefore completely or partially prevent 
self-fertilization. Consequently, cross-fertilization may be considered 
the normal and probably the only possible means of fecundation at 
wind-pollination of the spruce. If the incomplete or completely absent 
chromosome pairing during meiosis is conditioned by genes, single 
asyndetic individuals ought to be able to » segregate out» continuously 
in the populations. 

Certainly it is probable that a large number of the progeny of an 
asyndetic tree are marked by disturbed meiosis and low pollen fertility 
and seed production, whereby the spread of the new polyploids is 
rendered more difficult. None the less, there have been possibilities for 
stabilized polyploid species to originate among our native Conifers as 
well, this not least of all owing to the fact that the Conifers belong to a 
demonstrably very old group of plants. There is accordingly reason to 
think that polyploids might also have arisen by a vegetative method. 
Tetraploid cells and sectors have been found in the ordinary diploid tissue 
of several plants, and such cells may also occur in the Conifers, Should 
these tetraploid sectors give rise to a branch with a collection of tetraploid 
inflorescences, a number of diploid gametes must thus be the result. 
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It is evident that changes in the chromosome numbers have been 
of little account in the differentiation of most coniferous genera. No 
stabilized polyploid species have so far been found among our most 
common Conifers, e. g., spruce, pine and larch. Thus, it is a plausible 
presumption that existing diploid Conifers are best adapted to present- 
day environmental conditions, and that as a rule their chromosome 
number may be considered to be that constituting the maximum of the 
species in question. 

In spite of the absence of stabilized polyploid species among, for 
instance, Piceci and Pinus solitary finds of triploid and tetraploid 
individuals would have been expected. No trees with morphological 
characters deviating from the normal type and suggestive of polyploidy 
have been found in middle-aged and older stands of Conifers in spite 
of numerous examinations having been made of, among others, the 
seed-setting in different coniferous trees. Hence the frequency of any 
possibly existing polyploid spruces with normal or more than normal 
growth capacity must be very low, or else polyploid zygotes within 
certain genera must have already died during the development of the 
embryo owing to disturbances in the chromosome-number relation be- 
tween embryo, endosperm and surrounding somatic tissue. The poly- 
ploids may also have consisted of dwarfs or stunted trees, which have 
died or ai'e cleared away at thinnings of the stands. That in all prob- 
ability the frequency of polyploid Conifers is remarkably low may 
partly be due to the fact that the method of fertilization does not allow 
of polyploids or corresponding diploids being sexually isolated, or 
partly to the above-mentioned chromosomal disturbances between dif- 
ferent embryonal tissues of the polyploid zygote. Changes in cell-size 
or in rate of cell-division may be quite sufficient to prevent normal seed 
development or to produce so-called somatoplastic sterility (cf. Cooper 
and Brink, 1940, 1944). 

As regards the dissemination of chromosome-altered forms, this 
must depend to a large extent on the mode of fertilization. Polyploid 
cross-fertilizers that are not isolated from original diploid types in the 
vicinity will soon, according to Muntzing (1933), be broken down 
through chromosome elimination during a series of back-crossings with 
the original diploid material. As different species react in different ways 
to chromosome doubling, it is not excluded that, for instance, polyploids 
of Picea Abies also have a vitality inferior to that of the corresponding 
diploids. 

According to Sax's theory (cf. Sax, 1932), the absence among Coni- 
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fers of polyploids with a high number of interstitial chiasmata per bi- 
valent may to some extent depend upon an irregular distribution of 
homologous cliroinosomes during meiosis in any autopolyploids that 
may arise. In Picea Abies the average number of chiasmata per bivalent 
is 2,7. Moreover, most of these chiasmata are interstitial. Hence it is 
not unlikely that chromosome pairing at meiosis in tetraploid spruces 
will result in a very intimate and general formation of quadrivalents. 
As a rule a quadrivalent formation of this kind Avould cause an irregular 
distribution of homologous chromosomes to the two poles, which might 
result in extreme gamete sterility. 

The pollen fertility in PseudoUtrix and the tetraploid Juniperus chincnsis 
Pfitzeriana, however, affords no support for the hypothesis that quadrivalent con- 
figurations during meiosis would cause non-disjunction (cf. K. and H. J. Sax, 11133). 
The pollen sterility in Pseiidolarix is less than 5 % and in the tetraploid Juniperus 
(i %, which is lower than in the corresponding diploids. The number of chiasmata 
per bivalent is 2,1 in Pseiidolarix and 2,2 in Juniperus communis (2n — 22). 

The meiotic division in Picea Abies seems to be normal as a rule, 
though irregularities occur. Three »sticky trees » have been encountered. 
These observed cases of stickiness, however, may be of modificative 
nature and in that case caused by the great changes of temperatures 
between day and night. In addition to these anomalies one asyndetic 
spruce has been discovered. This case of asyndesis seems to be the only 
one that has hitherto been observed among the Gymnospjerms. 

Several cases of asynapsis are known within the Angiosperms and some in the 
animal kingdom, e. g., among Drosophila pseiido-obsciira^ Pygaera hybrids (cf. 
Darlington, 1937, p. 414) and Triton (Book, 1945). A summary of previously 
examined instances of asynapsis hasjieen presented by Prakken (1943), which has 
been supplemented by Johnsson (1944). Prakken distinguishes the following 
groups of synapsis; (1) Asynapsis due to the action of a distinct gene or genes (or 
some slight structural change). (2) Asynapsis caused by loss of a chromosome pair, 
(3) Asynapsis induced by external conditions. (4) Asynapsis as a normal process 
in apomictic organisms, (5) Asynapsis depending upon mechanical chromosome 
conditions (slrncture, number). (6) Asynapsis in species hybrids. 

The instance of asyndesis described here in Picea Abies may in all probability 
he assigned to group 1. More or less certain cases of gene-coiiditioned asyndesis 
are known. Genetically governed asyndesis has been described in, among others, 
Zea (Be.adle and McGlintock, 1928; Beadle, 1930, 1933), Nicotiana tabacum 
(Clausen, 1931), Hordeum (Ekstrand, 1932), Datura (Bergner, Cartledge and 
Blakeslee, 1934), Nicotiana sylvestris (Goodspeed and x'^very, 1939), Alopeciirus 
niijosuroides (Johnsson, 1941, 1944), Secale (Prakken, 1943), Rumex (Love, 1943), 
and Triticum viilgare (Li, Pao and Ll, 1945). 

Beadle has shown earlier that there are recessive genes which 



ASYNDESIS IN PICEA ABIES 


339 


cause asynapsis. In addition genes occur that induce supernumerary 
divisions in the gametophytes, and such as to some extent suppress cell- 
wall formation. Cxark (1940) even found a gene, in maize, that diverged 
the heterotypic spindle instead of converging it. The result of this will 
be that the chromosomes do not pass to the poles to form normal telo- 
phase nuclei but remain scattered in the cells and give rise to many 
micro-nuclei. This mono-factorial recessive asynapsis shows widely 
differing characteristics in different objects. The relative number of 
univalents, rod and ring bivalents, and chiasmata varies from case to 
case. Variation is likewise exhibited by the chromosome pairing during 
early prophase, the behaviour of the univalents during the heterotypical 
division, and the number of restitution nuclei and functional dyad 
pollen grains, etc. within different materials. 

Complete pairing of chromosomes during pachytene (desynapsis) has been ob- 
served in individuals of lea mays (Beadle, 1930, 1933), Crepis capillaris 

(Hollingshead, 1930; Richardson, 1935), Nicotiana sijlvestris (Goodspeed and 
Avery, 1939), triploid Allium amplectens (Levan, 1938, 1940), Secale cereale 
(Prakken, 1943), Triticum uulgare (Li, Pao and Li, 1945), and Picea Abies (in the 
present work). On the other hand, no zygotene and pachytene pairing seems to 
take place in asynaptic Ruwex acetosa (Yamamoto, 1934) and there is incomplete 
prophase pairing in, e. g., asynaptic dwarf fatoid oats with 40 chromosomes (Husktns 
and Hearne, 1933) and probably in Alopcciirus myosuroides- (Johnsson, 1944). 

In all asyndetic individuals showing more or less complete zygotene 
and pachytene pairing the separation of the paired chromosomes 
generally takes place gradually. The time at which this separation 
takes place, however, appears to vary in different asyndetic materials 
and even between individuals of the same species. In the above- 
described Picea instance the paired chromosomes already begin to fall 
apart at the end of pachytene. During the middle and late diplotene 
stage only a few bivalents occur, or about the same bivalent frequency 
as was stated for metaphase I. 

The same is to some extent the case in maize (Beadle, 1930, 1933) 
and wheat (Li, Pao and Li, 1945), According to the last-named Chinese 
scientists, the apparently paired chromosome threads in some de- 
synaptic wheat plants separate at pachytene, while in other wheat plants 
the corresponding chromosome separation does not take place until the 
diplotene phase. In Allium amplectens (Levan, 1940) and Secale 
cereale (Prakken, 1943) the paired members are kept together during 
diplotene by relational coiling, and even during diakinesis many pairs 
of univalents appear. 
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Several hypothesis have been advanced to explain the separation 
of the homologous chromosomes of asynaptic plants during prophase. 
According to Darlington, the failure of chiasma formation may be due 
to the fact that at leptotene the chromosome separation is relatively far 
advanced, or that the beginning of prophase is relatively delayed. In 
both cases, accordingly, it is presumed that the chromosome threads 
have already parted during leptotene, which is considered to prevent 
a normal attraction of homologous chromosome threads. In partial 
asynapsis the peculiar situation must arise, according to Darlington, 
that only some of the chromosomes divide lengthwise during leptotene, 
while other chromosome threads remain undivided. 

Huskins and Smith (cf. Hoskins, 1932, p. 6), however, seem to 
have observed in Fritillaria meleagria that certain rather considerable 
portions of the chromosomes are longitudinally divided during the early 
heterotypic prophase, and that a complete pairing takes place between 
undivided homologous chromosome segments, while the corresponding 
split sections do not pair, which in. itself ought to cause partial asynapsis. 
From that point, however, it is not a far step for the longitudinal 
division to take in the whole or the greater part of certain chromosomes, 
as at the time of pairing homologous chromosomes have probably not 
yet managed to find each other. 

Another theory has been px'esented by Sax and Sax (1935). Accord- 
ing to these scientists, one of the prerequisites for chromosome pairing is 
that the chromosome threads are despiraMzed before the zygotene phase 
begins, since a high degree of spiralization seems to prevent pairing. 
During a long prophase the chromosome threads therefore have greater 
possibilities of despiralizing before the beginning of the zygotene phase 
than during a short and very rapidly passing early prophase. 

Thus, these two hypotheses, presupposing as they do that the chro- 
mosomes have been prevented from pairing during prophase, do not 
bold in all observed cases of desynapsis. 

In the asyndetic spruce the behaviour of the univalents during 
metaphase I is of some interest, as it also is in the majority of asyndetic 
Angiosperms. When bivalents are altogether lacking in the pollen 
mother-cells, which is the case in one-third of the cells of the asyndetic 
spruce, the univalents preferably pass straight to the poles. This is 
inferable from the behaviour of the bivalents in other neighbouring cells 
during early metaphase 1. Thus, in cells with solely univalents the 
latter are distributed to the poles during metaphase 1. On the other 
hand, if there are one or more bivalents in a pollen mother-cell, a 
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greater or a smaller number of univalents are often drawn to the 
equator and are forced to range themselves in an equatorial plate in 
common with the bivalents. 

The different behaviour of the univalents in these two cases seems 
to be explained by Ostergren's centromere theory (unpublished; ch 
OsTERGREN and Prakken, 1946). Ostergren presumes that at a 
somatic mitosis the chromosomes during metaphase have a centromere 
consisting of the sum of two anaphase-centromeres. This undivided 
centromere is equally attracted by both poles and therefore goes to the 
equator. When the centromere has divided, each of its halves is directed 
toward one pole only and is accordingly attracted solely by this pole. 
According to Ostergren, during metaphase I the univalents of, for 
instance, the asyndetic spruce will be in a state between singleness and 
doubleness. At the earliest period of metaphase I, when the centro- 
meres of the univalents are incompletely polarized, the univalents 
migrate to one of the poles. On the other hand, when the centromeres 
of the univalents have become doubled or polarized the univalents pass 
to the equator. 

Only a small number of bivalents occur in the asyndetic spruce. 
Judging from the length of the chromosomes and the positions of the 
centromeres, pairing between homologous chromosomes will as a rule 
have taken place among the bivalents. Still, we ought not to leave out 
of account the possibility of non-homologous pairing. Levan (1942, 
1945) has found that the chromosome threads are distinctly paired 
during prophase in haploid rye and haploid sugar-beet. Non- 
homologous pairing has already been observed by McClintock (1933) 
in maize. In addition Levan found several symmetric bivalents in his 
haploid material. The most interesting find in Levan’s studies of rye 
and sugar-beet, however, is that almost all chiasmata are distributed at 
random or show good agreement with the Poisson’s distribution, which 
shows that it cannot be a question of solely chiasmata formed between 
duplicated chromosome segments. From these results it seems bold — 
except in cases of complete pachytene pairing (or desynapsis) — to 
assume unreservedly that all observed bivalents of asyndetic plants are 
the products of homologous pairing. 

As was earlier pointed out, a number of irregularities occur during 
the first division in the asyndetic spruce, such as irregular distribution 
of univalents, non-disjunction, premature centromere division or divided 
univalents, fragmentation, stickiness, and misdivision. Difficulties 
generally arise at the separation of chiasmata during anaphase I, and in 
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cansequence a relatively high percentage of chromatin bridges occur in 
relation to the number of bivalents. These anomalies during the 
heterotypic division result in an almost equally irregular homotypic 
division, with chromosome elimination and greatly varying chromo- 
some numbers in the gametes. As expected, this ultimately results in 
an abnormally liigh pollen sterility. Only two per cent morphologically 
good pollen have been produced. Still, this low percentage probably 
includes a few unreduced gametes that are capable of functioning. 
Judging from the seed-setting in the asyndetic spruce, we may venture 
to conclude that the embryo-sac mother-cells exhibit about the same 
degree of asyndesis as the pollen mother-cells. 

Besides other methods at present being employed to produce poly- 
ploids in experimental breeding work on spruce, reciprocal crosses be- 
tween this asyndetic spruce and normal spruces ought to be carried out 
to the greatest possible extent, it being conceivable that a polyploid may 
be obtained here and there as a result of such crossing experiments. 

Finally, there may be reason to point out that no greater funda- 
niental differences seem to exist between the above-reported case of 
asyndesis in a representative of the Gymnosperms and formerly known 
instances of the same cytological phenomenon within the Angiosperms. 

SUMMARY* 

(1) A case of asyndesis in Picea Abies has been observed. Com- 
parisons have been made between ineiotic divisions in normal spruces 
and the asyndetic specimen. 

(2) Meiotic division seems to be very regular in spruces in general, 
though exceptions occur. During melaphase I the average number of 
chiasmata per bivalent is 2,7. No significant difference in chiasma 
frequency has been observed as between normal spruces. Most 
chiasmata have an interstitial position and do not terminalize at all or 
very inconsiderably. 

(3) Microsporogenesis proceeds according to the simultaneous 
scheme in normal spruces and as a rule in the asyndetic spruce. 

(4) The zygotene and pachytene pairing in the asyndetic spruce is 
almost complete. 

(5) During metaphase I bivalents occur in the asyndetic spruce in 
41 % of the number of cells, and the number of bivalents per cell 
varies between 1 and 8. In number the bivalents in these cells amount 
to 19,35 % of the number possible. In all examined pollen mother-cells 
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the frequency of bivalents is only 11,77 % of the number of possible 
bivalents. Of this frequency, 10,96 % consist of rod bivalents and 0,si % 
of ring bivalents, 

(6) Premature centromere division occurs during anaphase I in 
4,1 % of the number of pollen mother-cells. 

(7) Chromosome distribution to the poles is not altogether at 
random. The extreme groups 0 : 24, 1 ; 23, 2 : 22 and so on are over- 
represented owing to the fact that the chromosomes show a tendency 
to appear in groups, which often behave as a unity. , 

(8) Stickiness has been observed in a number of pollen mother-cells 
in the asyndetic spruce. 

(9) During intei'kinesis the cells exhibit a varying number of nuclei. 
Ill one case a cell with 16 nuclei was observed. Restitution nuclei have 
been formed in 8,76 % of the number of cells, 

(10) The second division as well as the first division are very ir- 
regular owing to elimination of chromatids, stickiness and irregular 
chromosome distribution. 

(11) The » tetrads » often contain micro-nuclei, and the morpholog- 
ical pollen fertility is very poor. 

(12) Besides being observed in the asyndetic spruce, stickiness has 
been found in pollen mother-cells of three other spruces. 

(13) Progeny obtained from the asyndetic spruce after free flower- 
ing show varying height growth, growth habit and stomatal size. 

(14) The sparse occurrence of stabilized polyploid species within 
the Conifers has been discussed as well as various reasons for the fact 
that no single polyploid tree has been found within Picea Abies. 

Lund, March 5th, 1946. 
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^'GENE DIVISIBILITY^ AS STUDIED BY 
DIFFERENCES IN BAR FACET NUMBERS 
IN DROSOPHILA MELANOGASTER 


BY G. BONNIER, B. RASMUSON and M. RASMUSON 

ANIMAL BREEDING INSTITUTE, WIAI), ELDTOMTA, AND UNIVERSITY OF STOCKHOLM, 

SWEDEN 


I. THE PROBLEM. 

T he present article is a continuation of studies on the effect of the 
gene » Exaggeration of Bar» (symbol Eb) on which an earlier 
report has been given (Bonnier, Nordenskiold and Bagman, 1943). 
The principal facts concerning this gene which were brought together in 
this report were the following. Eb is a dominant sex-linked lethal 
which reduces crossing-over between Bar und fused from 2,5 to about 
1,5 units. Linkage tests show that Eb is situated close to the right ol 
Bar, at a map distance of probably less than 0,i units. In co-operation 
with Bar it intensifies the Bar effect. A BjEb female has eyes of the 
homozygous Bar size, and a BEbj-h female has still narrower eyes. 
Eb does thus also show the Bar position effect. When no Bar gene is 
present an EbM- female has round eyes, but together with Bar it acts 
as though it were a (lethal) Bar gene. The exact origin of Eb is not 
known with certainty. But the data show that it must have occurred in 
a female with attached A’s homozygous with respect to Bar. As females 
BjB and BjEb are similar in appearance (at least as long as no facet 
counts are made), it is quite natural that the true moment of occurrence 
of Eb escaped attention. It was in connection with detachments that it 
was first observed that something had gone wrong. Such detachments 
did show that they no longer contained B but the new gene Eb instead, 
and it was first believed that Eb was an allele of B. Later, however, 
cross-overs between B and Eb were found, but the crossing-over per- 
centage was of the same order of magnitude as the percentage of un- 
equal crossing-over within the Bar region. The salivary chromosomes 
of females Eb/H- were found to contain only one of the two segments 
of Bar. These chromosomes indicated furthermore a slight possibility 
that an Eb chromosome is deficient of one of the faint bands of the 
Bar segment. 
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It may thus be concluded that Eh occurred as a (spontaneous) 
mutation from Bar, and that the Bar chromosome from which it origin- 
ated lost one of its segments probably in connection with the mutation. 
But the most interesting fact was revealed when the facet counts were 
made. As it is known that facet number modifiers are very common, 

TABLE 1. Excerpt from Table 11 in Bonnier, Nordenskiold and 
Bagman (1945). The number of the strains (leftmost column) does not 
refer to Table 11, but are given as references to the present paper only. 
The genotypes of the female shorn only the genes B and Eb and not 

other genes (see text). 


Strain No. 

Genotype of 
females 

Number of eyes 
counted 

Mean facet number 

1 

BlEb 

107 

84,3 

2 

BEbi+ 

190 1 

40,6 

3 

BlEb i 

102 

90,2 

4 

BlEb 1 

116 

89,8 


the counts were preceded by standardizing isogeneous lines by a pro- 
cedure of inbreeding (v. i.). When such lines had been established, search 
was again made for cross-overs between B and Eh (using / and fii as 
marker genes). Thus there were, among others, four different strains 
in which the females were constituted as follows (disregarding all genes 
other than B and Eb): (l) BlEb; (2) J5 Eh/+, which occurred through 
crossing-over in shain 1; (3) and (4) BjEb, which occurred through 
crossing-over in strain 2 on two different occasions. The facet counts 
in these four strains gave the results shown in Table 1. (For further 
details cf. Table 11 in Bonnier, NordenskicIld and Bagman, 1943.) 
From an analysis of variance with regard to the comparison between 
the three strains of B/Eb females it was found that whereas there was 
no statistical difference between the facet numbers of the two re- 
covered strains 3 and 4, 90,2 and 89, s respectively, the difference be- 
tween these two on the one hand, and the original strain No. 1 with its 
84,3 facets on the other, was statistically very significant. The results 
did thus show that two lines of BjEb females of which the one hand 
had originated from the other through two instances of crossing-over 
between B and Eb, but which otherwise must have been isogeneous (or 
at least were intended to be isogeneous), had different numbers of 
facets. It seemed then necessary to try to elucidate somewhat further 

23 
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this very peculiar situation. The present article contains a description 
of the new experiments. 


IL THE PROCEDURE OF STANDARDIZING 
ISOGENEOUS STRAINS* 

The principles of the procedure by which standardized isogeneous 
strains were synthesized has been put together in the preceding article 
(Bonnier, NordenskiOld and Bagman, 1943). As it is, however, of 
importance to be in a position to judge — if posisible — how far the 
isogeneity really reaches, all known details concerning the relevant 
strains will be given here. Unfortunately the exact number of in- 
breeding generations was checked only during the beginning of the 
standardizing procedures, and consequently only minimum numbers 
can be given. 

Two different kinds of procedure were performed, viz. standardizing 
the Z-chromosomes and making the autosomes homozygous. 

The X-chromosome. — The Z’s were standardized by introducing 
the genes sc cu u car. The stock-cultures used to synthesize strains 
relevant to the present article were 

fBEbh- 
sc cvv f 
sc cv V f car 
fB 
f fn 

The males in some of the stocks (e. g., / fii) were kept going by crossing 
to ij attached X females. The sc cv v f car stock had at an earlier in- 
stance been made by crossings between flies from the sc cvv f stock 
and a stock with car. The standardization procedure for the females 
was as follows: / B E5/+ X sc cv v f car; f B Ebjsc cvv f car X sc cv v 
f car; sc cv v f B Ebjsc cv v f car X sc cv v f car; sc cv v f B Eb car j sc cv 
V f car X sc cv v f car. 

Males f B: sc cvv fjsc cv v f yi f B; sc cv v fjf B X sc cv v f; sc cv v 
f Bjsc cv V f y sc cv V f car ; sc cv v f Bjsc cv v f car X sc cv v f car; 
sc cv v f B car I sc cv v f car X sc cv v f B car; y attached X y sc cv v f B 
car (»series B»; vide infra). 

Males / fii: sc cv v f carjsc cv v f car X f fu; sc cv v f carjf f u y sc 
cv V f car; sc cv v f carjsc cv v f car X sc cvv f fii; sc cv v f carjsc cv v f 
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jii X + (from strain »hom. + »; vide infra); xj attached X 'X sc cv v f fii 
car (»series B»; vide infra). 

The aatosomes, — The autosomes were made homozygous by 
means of a number of inbreeding procedures (Fig. 1). 

First a wild type strain was propagated by brother — sister matings 
in pair-cultures. This strain was called »hom.+». Secondly y females 
with attached X’s were crossed with males from hom.+ of the 12th 
(or perhaps of a still later) inbreeding generation. This constitutes 



Fig, 1. Pedigree of lines Honi.+, Strain A, Strain B and B Eb (cf. text). 


» series A». In every new generation of A, y females were crossed to 
+males from later generations of series honi.+. Simultaneously y 
females from series A were crossed to A-chroniosome standardized 
males with f, f B, and / fu. These series constitute the different » series 
B». In the case of / males, for instance, these were crossed to y females 
of the fifth generation of series A, and / sons (generation 2 of » series 
B with /») were crossed to y females of a new generation of series A. 
It was not always possible to keep the generations of series A and series 
B exactly timed, with the effect that the generation number of the males 
from »series B with /» did not remain exactly 5 short of the generation 
number of the females taken from series A during the whole procedure. 
Parallel with these crosses females fBEblf (with standardized X's) 
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were crossed in ilie same way with males of the »series B with /». The 
first generation of females / B Eblf was crossed with / females of this B 
series of generation 2. Fig. 1 shows how the different crosses were 
chained to each other. Series B with / B and with f fii were also made 
lip in the same way as »series B with /». 

The following data give an idea of the number of generations within 
this procedure of making the autosomes homozygous. 

The first generation of ij attached females, series A, was crossed 
with wild males of the 12th (or perhaps a still later) generation of 
hom.+. 

»Series B with /» was begun by crossing an / (Z standardized) male 
with a y attached X female from the 5th generation of series A. The 
last cross in this series was made on Sept. 18, 1942, by crossing a y 
attached X female of the 23rd generation of series A with an / male of 
the 15th generation of »series B with /». Thereafter the chain was 
broken and the crosses y attached X X / {X standardized) were per- 
formed by inbreeding. Usually 2 females and 3 males from a single 
culture bottle were used as parents for the next generation. No check 
was then made of the number of these inbreeding generations. 

Females f B Eblf of the first generation were ci^ossed with males / 
(Z standardized) of the 2nd generation of »series B with f». The last 
of these crosses was made on Sept. 26, 1942, with females of the 15th 
generation. Thereafter inbreeding was as in the above case. 

» Series B with f B» was started by crossing an / B (Z standardized) 
male with a y attached Z female of the 6th generation of series A. The 
last cross was made on Sept. 24, 1942, between a female of the 23rd 
generation from series A and a male of the 14th generation of the 
>> series B with /jB». Thereafter inbreeding as in the above cases. 

» Series B with f /u» was started by crossing an / fii (Z standardized) 
male with a y attached Z female of the 22nd generation of series A. The 
last cross was made on Sept. 29, 1942, between a female of the 24th 
generation of series A and a male of » series B with f fu» of the 3rd 
generation. Thereafter inbreeding as in the above cases. After breaking 
the chains (which was necessitated by shortage of staff; see Fig. 1) the 
different lines have been propagated by more or less close inbreeding, 
(111 the series horn. "h, for instance, this inbreeding has been performed 
as brother — sister matings and has now — Oct. 1946 — passed its 126th 
generation.) 

When these preliminaries had been fulfilled, an / B Eblf female 
was crossed with an / fii male, and thereafter / B Eblf fii females were 
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mated generation after generation with f fa males by breeding two 
females to three males from a single culture bottle of the preceding 
generation. In this new line of crosses, which hereafter will be named 
the original f B Ebjf fu line, search was made for cross-over chromo- 
somes carrying Eb but not B. Non-cross-over females have either round 
eyes and are forked and fused, or they have Bar eyes of the narrow type 
and are forked but not fused. Females with round eyes showing forked 
but not fused must be cross-overs between B and fu, and such females 
were accordingly tested by outcrossing with f B males (from » series B 
with / jB» ). If the females of the progeny had the ordinary heterozygous 


Genotype of 
f emal e s 


Name and numbers 
of different lines 


B Eb / + 


Original 


,0 





I00j2 Average 
number 
of facets 


Average number 
of facet 6 


Fig. 2. Genealogy of the lines studied in the iDresent paper. The genotypes of the 
females as given in the diagram show only the genes B and Eb. Apart from these 
genes a nnmher of other genes were included in the genotypes (see text). The lines 
1 G, 1 E, IF, 1 11, 2 T, 2U, 2V and 2Y are in the text named »series», whereas the 
series 1 G, 1 E, 1 F, 1 H taken together, and the series 2 T, 2 U, 2 V, 2 Y taken together 
form two » groups », viz. group 1 and group 2. The line »original:> is also in certain 
comparisons reckoned as a group. 


Bar appearance, their mother could not he a carrier of Eb, and these 
cultures were consequently discarded. But if half of this female 
progeii}^ showed the narrow Bar type the mother must have been an 
/ Eblf fu female. On five different occasions such females were found, 
and from each of these females a new line was started by the same kind 
of inbreeding and by alternating the crosses / Ebj f fiiyif B and 
/ Ebjf Byif fu. Before any facet counts were made, two of these lines 
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(viz. lines 3 and 4) were lost. Moreover, within these lines cross-overs 
between B and Eb were looked for in the progenies of the crosses 
/ Eblf B 'X f fii- Forked daughters which showed the narrow Bar con- 
dition, thus being of the constitution / B Eb/f fu, were crossed with / fii 
males, and this was repeated for each generation. Within strain 1 such 
cross-overs occurred on four different occasions, giving rise to the 
strains 1 C, 1 E, IF and 1 H. Likewise line 2 gave rise in a similar 
way to the four strains 2 T, 2 U, 2 V and 2 Y. No cross-overs were 
found witliin the lines 3, 4 and 5. Fig. 2 shows the descent of the differ- 
ent lines. 

The facet counts comprised two different sets of lines, viz. those 
where the females (disregarding all gen-es except B and Eb) were of the 
constitution EbjB (lines 1, 2 and 5), and those where the females had the 
constitution B Ebl-r (lines »original», 1C, IE, 1 F, 1 H, 2 T, 2 U, 2 V, 
2 Y). It was the intention of the standardization procedure to make all 
lines of EbjB and B EblX respectively exactly isogeneous, apart from 
differences within the region from B to Eb. Thus before going further 
in our description we must first consider in greater detail how far this 
procedure can be assumed to have gone. 

The X-chromosome. — From the above description of the 
standardization of the Y-chromosome it will be found that the 
» original » line of females J5E5/+ might have been heterozygous for 
some parts within the region from f to car. But since the procedure 
by which the lines 1, 2, 3, 4 and 5, and from them the lines 1 C, 1 E, 1 F, 
1 H, 2 T, 2 U, 2 V, 2 Y have been established, consists of crossing-over 
between B and Eb, all lines may be looked upon as quite isogeneous 
apart from differences within the B — Eb region. 

The aiitosomes. — It will be found in the above description that 
the strain (Fig. 2) by which the »series B with / /u» was established 
had to be broken and substituted by inbreeding rather too early. In 
consequence, it cannot be claimed with certainty that »series B with 
/ fii» was homozygous from the beginning. Neither can it be definitely 
claimed that its autosomes after further inbreeding were made iso- 
geneous to the autosomes of »series B with /B», it being very much 
more certain that the latter series was already homozygous when first 
used. The first female of the » original » line — i. e. the female in the 
first cross / B Ebjf fiiX f fu — may thus to a certain degree have been 
heterozygous in its autosomes. But the number of inbreeding gener- 
ations (unfortunately not counted) which elapsed before the line 1 was 
established through crossing-over between B and Eb was certainly not 
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less than 20. However, as described above, the females of the lines 
1, 2, 3, 4 and 5 were alternatively crossed io f B and / fu males, and 
since the autosomes of these two male lines may, as pointed out above, 
have been somewhat non-isogeneous, new beterozygozities may have 
been introduced. But there elapsed again a minimum of 20 generations 
from the establishment of line 1 to the establishment of lines 1C, IE, 

1 F and 1 H, and the same was the case from the establishment of 
line 2 to the establishment of the lines 2 T, 2 U, 2 V and 2 Y. Thus, 
though it is known that the speed with which the homozygotisation 
proceeds varies considerably in different lines (cf. Bonnier, 1947), it 
may be claimed reasonably and with a high degree of probability that 
at least the four lines 1 C, 1 E, 1 F, 1 H inter se, and the four lines 2 T, 

2 U, 2 V, 2 Y inter se, were isogeneous — disregarding of course the 
differences within the B — Eb region. 

III. ANALYSIS OF FACET COUNTS* 

The different lines in which facet counts were to be made had been 
established at different instances. The facet counts were, however, 
made in cultures reared simultaneously, and therefore the number of 
generations which elapsed from the first establishment of a certain line 
until facet counts, were different for different lines. According to the 
working plan, it was hoped that there would have been available at 
least 4 lines with B/Eb females, and from each of these at least 4 lines 
with B Ebl-\- females. But on account of the small percentage of 
crossing-over between B and Eb this hope was never fulfilled. And as 
time passed, it was decided to perform the facet counts with the lines 
which were available. From one single culture bottle of each of the 
inbred lines a number of pair cultures were made up, and all these 
culture bottles from all the different lines were raised simultaneously 
in one single incubator at 25° G. In order to avoid overcrowding 
all bottles contained abundant food. Any other measures for the 
standardization of the environmental conditions, for instance as pro- 
posed by Chevais (1942), were not taken. In order not to interfere 
with the temperature the incubator was kept closed until the 16th day 
after the start, when the cultures were emptied and all females pre- 
served in alcohol. The left eves were dissected and the counts were 
made by the same technique (slightly modified) as described in the 
earlier paper (Bonnier, Nordenskiold and Bagman, 1943), In Table 2 
are the results summarized for all females of the constitution j5E5/+, 
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TABLE 2. Facet counts of eyes from all flies of the constitution B Ebl+. 
The standard errors ore computed by dividing the average mean square 
within cultures 28, mi) {see Table 4) by the number n and taking the 

5,siss 

square root, i. e. the number — >---. 


o Average 
facet 

C 

g 5 c number 


»Groiip)> wSeries)) 


Till ® Average 
facet 

tiire ^ « c 


jTotal ll 


23 39,83 zb 1,11 
31 39,81 zh 0,96 
21 40,10 zb 1,10 
9 38,67 zb 1,77 
8 38,75 zb 1,88 
40 30,70 zb 0,84 

132 36,90 zb 0 ,46 

37 48,27 zb 0,87 
45 44,24 zb 0,7S) 
20 43,54 zb 1 ,01 
33 45,80 zb 0,93 
54 38,4 6 zb 0,72 
28 40,36 zb 1,01 
40 51 ,55 zb 0,84 
70 40,71 zb 0,64 
39 34,44 zb 0,85 

37 2 42,62 zb 0,28 

53 40,51 zb 0,73 
45 39,49 zb 0,79 
42 42,21 zb 0,82 
39 37 ,23 zb 0,85 
57 37,53 zb 0,70 
50 42,48 zb 0,71 

38 38,15 zb 0,86 
57|38.93 zb 0,70 

387| 39,66 zb 0>27 

7|i)4,29 zb 2,01 
4] 56,25 zb 2,66 
8j53,!3 zb 1*88 

1951, 21 ±- 1,22 

10 35,20 zb 1 j 68 
44 42,52 zb 0,80 
50 40,30 zb 0,75 
25 36,80 zb 1,06 

54 44,35 zb 0,72 
53 42,09 zb 0,73 
44 40,27 zb 0,80 
33j42,2i zb 0,93 

313|41,37 zb 0,30 
1091 ]4l,42 zb 0,16 


56 40,89 zb 0,71 

51 44,18 zb 0,74 
C4 41,09 zb 0,66 
66 44,42 zb 0,65 
27 4 0,63 ^ 1,02 
17 42,71 zb 1,29 
35 44,97 zb 0,90 
56 37,89 zb 0,71 

39 4 2,67 zb 0,85 

[ 411 42,06 zb 0,26 

52 45,67 zb 0,74 
31 45,36 zb 0,96 
54 46,57 zb 0,72 
54 49,78 zb 0,72 
14 47,43 zb 1,42 

29 4ljfj5 bz 0,99 
44 47,91 zb 0,80 

46 42,22 zb 0,78 
54 49,04 zb 0,72 

378 46,43 zb 0,29 

17 52,71 zb 1,29 
7 57,29 zb 2,01 
11 56,64 zb l,fio 
21 57,33 zb 1,16 
1 1 55,35 zb 1 ,60 
19 63,37 zb 1,22 
10 54,20 zb 1,68 

- —3A ± 1, 1 6 

118|56,32 zb 0)49 

7 38,00 zb 2,01 
() 37 ,83 zb 2,17 

30 38,70 zb 0,97 

40 40,95 zb 0,84 
5 43,00 zt- 2,38 

47 41 ,04 zb 0,78 
43 41,72 zb 0,81 

I 1 78 40,02 zk 0,40 
1 1085 44,90 zb 0,16 
2308 42,80 zb 0,11 
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TABLE 3. Facet counts of eyes from all flies of the constitution BlEb. 
The standard errors are computed by dividing the average mean square 
within cultures, 106, ssu, by the number n and taking the square root, 

i. e. the number 


Line 

Culture 

Number of left 
female eyes 
counted (n) 

Average facet number 

1 

1 

58 

77,29 dr 1 j33 


2 

65 

70,92 dr h28 


3 

17 

d 7,29 dr 2,50 


4 

48 

75,94 dr IdO 


5 

55 

63,95 dr li39 


(i 

54 

65, 5C dr 1^0 


7 

49 

79,08 dr 1 ,^7 I 


8 

72 . 

64,08 dr 1,22 1 


9 

28 

70, 00 dr 1,33 1 


Total 

446 

70 , 00 dr 0,49 

2 

1 

48 

69,02 dr lj‘^0 1 


2 

49 

64,08 d: 1,47 


3 

28 

61,07 dr 1,95 i 


4 

57 

65,08 dr 1 j37 


5 

42 

66,41 dr hso 


6 

44 

63,48 dr lj55 


7 

36 

/5,50 dr 1,72 


8 

48 

66,15 dr 1,49 


9 

59 

65,42 dr 1,34 


Total 

411 

66,49 dr 0,51 

5 

1 

20 

105,15 dr 2,31 


2 

10 

91,80 dr 3,2G 


3 

25 i 

105,28 dr 2,0G 


4 

19 i 

: 92,58 dr 2,37 


Total 

74 j 

100,16 dr hso 

Total 


931 1 

70,84 dr 0,34 i 


and in Table 3 for the females of the constitution BjEb. The standard 
errors for the average facet number in each culture are computed from 
the average mean square within cultures by taking its square root and 
dividing by the square root of the number of eyes. Thus, if this number 
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ill a certain culture is ii, 


the standard error is 


0,3188 


in Table 2, and 




10,3127 . 


V7, 


in Table 3. 


Females of the constitiition B Ebj-F. — Beginning with the results 
shown in Table 2, the following nomenclature will be used. All cultures 
belonging to one and the same line of the lines 1 C, 1 E, 1 F, 1 H, 2 T, 
2 U, 2 V or 2 Y will be named a »series»; the four series 1 C, 1 E, IF 
and 1 H form a » group », and the same is the case with the four series 
2 T, 2 U, 2 V and 2 Y as well as with the » original » line. 

A glance at Table 3 shows that there possibly is a correlation be- 
Lween the number, n, of eyes counted in the different cultures and the 
average facet number, there seemingly being less facets the greater the 
value of n. This effect, if real, is certainly of an environmental nature 
and must be due to differential crowding. Now the number n is not 
exactly the same as the number of females which hatched out in the 
different cultures, because of the fact that the facets were not recorded 
on every female. The number of females were never counted, but it 
can certainly be claimed that the number n is — if not exactly so, at 


TABLE 4. Analysis of variance of the whole female material fiE5/+. 


Source of variation 

Degrees 

of 

freedom 

Mean 

squares 

Between groups of cultures of different size 

5 

2193,8251 

Within groups of cultures of equal size 



Between groups 

8 

1274,8670 

Within groups 



Between series 

18 

1351,5746 

Within series 



Between cultures 

35 

400,8894 

Within cultures (error) 

2241 

28,2899 

Total 

2307 

1 53,2835 


Ratios 


2193,8251 

1274,8670 


1,72; P>0,2 


1351,5746 __ 
400,8894 


P <0,001 


4 00,8894 
28,2899 


= 14,17 ; 


P < 0,ooi 
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TABLE 5. Anahjsis of variance of females BEbj^ belonging to 

group y> 1. 


Source of variation 

Degrees 

of 

freedom 

Mean 

squares 

S^'mbols 
for refer- 
ence to 

Table 7 

Between groups of cultures of different size 

4 

449,6775 


Witliin groups of cultures of equal size 


38,7718 

1 ^ 

Between series 

8 

848,6048 


1 Within scries 


32,7614 

1 ^ 

Between cultures 

15 

529,7725 


Within cultures 

1063 

25,7481 

1 

1 Total 

1090 

1 40,2792 

1 t 


Ratio 


848,6048 

529,7725 


1 ,60 ; 


P = 0,2 


TABLE 6. Analysis of variance of females B E&/+ belonging to 

'}> group '}> 2. 


Source of variation 

Degrees 

of 

freedom 

Mean 

squares 

S^^mbols 

for refer- 
ence to 

Table 7 

Between groups of cultures of different size 

5 

1439,2861 


Within groups of cultures of equal size.... 


52,6565 

1 B 

! Between series 

10 

; 1762,0617 


j 

Within series 


36,6659 

I 

Between cultures 

17 

267,8997 

! 

Within cultures 

1052 

32,9292 

r 

Total 

1084 

59,0524 

i ' i 


Ratio 


1762,0617 

267,8997 


=• 6 , 58 ; 


P < 0,001 


least with a very good approximation — proportional to the number 
of females hatched out. In the statistical analysis, therefore, in order 
to avoid the differential influence of the order of magnitude of n the 
cultures have first been grouped according to the value of n in 6 differ- 
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ent groups, viz. ~ 4 — 10, 11 — 20, 21 — 30, 31 — 40, 41—50, 51 — 70. All 
comparisons have [hereafter been made within these groups of n-values. 
The results of the computations are put together in Table 4, where the 
whole material of BEbl+ eyes from Table 2 is analysed, and in 
Tables 5 and 6 wliere the results from groups 1 and 2 are dealt with 
separately. From these three tables a number of conclusions may be 
drawn. 

(1) The mean square in Table 5 (group 1) corresponding to the 
four series averages is statistically not very much larger than the mean 
square corresponding to culture averages (P>0,2). But in Table 6 
(group 2) the first of these mean squares is significantly very much 
larger than the latter, and gives a mean square ratio of 6,58 which 
corresponds to P less than 0,ooi. This is by far the most interesting of 
the facts ascertained from Tables 4, 5 and 6. It might be objected that 
in group 2 (Table 6) there is an unusually small variation between the 
cultures, the mean square being only about 268, whereas in group 1 
(Table 5) it is about 530. But even when the mean square between 
series from group 2 (Table 6), 1762, 06i7, is compared with the average 
mean square between cultures from groups 1 and 2, which is 390,6525 
(not explicitly shown in the tables), a mean square ratio of 4,5i is found, 
and this (with 32 degrees of freedom) corresponds also to a P which is 
somewhat less than 0,ooi. Now, the four series within group 2 (as 
within group 1) w’^ere according to the preceding paragraph very prob- 
ably isogeneous, apart from differences wnthin the B — Eb region. The 
conclusion is that there must be genetical differences between the series 
belonging to group 2, and, granting the existence of the isogeneity, it 
is just those differences within tins region which must be assumed 
responsible for the differences in facet numbers between the series 
means of group 2. 

(2) As the mean square corresponding to group averages within 
n-values (Table 4) is only insignificantly less, and as the mean squares 
corresponding to series averages within n-values (Tables 5 and 6) are 
larger than the mean squares corresponding to the variations between 
different n-values, it is possible that the partition of the material accord- 
ing to the orders of magnitude of n was unnecessary. On the other 
hand, such a partition, even if it is not necessary, can cause no harm 
and will in no wmy interfere with the other conclusions to be made. 

(3) As the mean squares corresponding to group averages (Table 4) 
is smaller than the mean square corresponding to series averages, the 
facet number averages of the three groups are statistically equal. The 
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same conclusion would have been drawn if only the two groups 1 and 
2 had been compared. 

(4) Within all series the mean squares corresponding to culture 
averages are very much larger than the mean squares corresponding to 
the variation within cultures, and consequently the environmental con- 
ditions prevailing within different culture bottles must have been effect- 
ively different in spite of the simultaneity of the raising of all cultures. 

In this connection attention should be called to the fact that the 
partition of the material with respect to order of magnitude of n lowers 
the available degrees of freedom. The reason will be found obvious 
when it is mentioned that, for instance, for n lying between 11 — 20 only 
one group (group 2) is represented, and for n lying between 31 — 40 
only one culture is represented within the series 1 H. It follows that 
if no such partition with respect to the u-value had been performed, 
not only would changed degrees of freedom have been found, but also 
changed significance values P. In this case the ratio between the mean 
squares corresponding to series and culture averages (within the series) 
had been, in the case of groups 1 and 2, 3,31 and 3,39 respectively. The 
corresponding degrees of freedom are: group 1, 3 and 24; group 2, 3 
and 29 and thus for both groups P lies between O,05 and 0,oi. If both 
groups are pooled the ratio is 13, i7 and P is less than, 0,ooi. Thus whether 
the partition in question is performed or not, it must be concluded that 
statistically significant differences between means of series belonging 
to one and the same group do exist. 


TABLE 7. Subdivision of the total variance in facet numbers in 
BEbj-\- flies according to different causes of variation. 


C a ii s e of V a r i a t i o n 


Formula 
for calcu- 
lation (see 
Tables 

5 and 6) 

i 

Percentage of total j 
variance 

Group 1 

Group 2 

t — B 
t 

4 

11 

B -b 
t 

15 

27 

b — w 
t 

17 

6 

ID 

~t 1 

64 

56 


Influence of size of culture 

Differences between wseries)) within »groups)) 
of cultures of equal size 

Differences between cultures of equal size 
belonging to the same ))series)) 

Differences between flies that hatched out 
within the same culture bottle 
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As it may be of some interest to know to what extent the total 
variation in facet numbers is due to the different sources of variation, 
estimates are made in Table 7 on the basis of the figures in Tables 5 
and 6. It is seen that in group 1, as well as in group 2, the largest part 
of the variation is due to- causes within the culture bottles. These causes 
cannot be analysed further, and are therefore as usual lumped together 
under the name of error. The largeness of this variation seems, how- 
ever, to make it certain that the environmental conditions within the 
different bottles have been effectively different. In the case of group 2, 
where we have found the differences in series means to be highly 
significant, these differences are responsible for a variation, which next 
to error, is the largest one. 

Females of the constitution BjEb. — The counts within the lines 1, 
2 and 5 of the constitution B/PJb were given in Table 3. To make a 
very thorough statistical analysis of these counts is of less importance, 
as their isogeneity is less certain. We therefore confine ourselves to 
making the remark that the line 5 has a facet average which differs 
considerably from the averages for lines 1 and 2. We believe that part 
of the cause of this difference is to be found in differences within the 
B — Eb I'egion, but on account of the uncertain isogeneity, autosomal 
differences cannot be excluded. 

IV. DISCUSSION AND CONCLUSIONS* 

It has been shown in the preceding paragraph that facet number 
averages from B Ebl~{~ females belonging to different series within one 
and the same group are significantly different (at least in group 2). 
These differences cannot be assumed to be due to environmental causes. 
As has been pointed out, all cultures were raised simultaneously within 
the same incubator, and the environment can thus have a differential 
influence only in one of the following two ways: (1) on the individual 
fly within a certain culture bottle and/or (2) on the aggregate of the 
flies from the separate bottles. But in each case a » series » was made 
up of several bottles, and all bottles were mixed together in the in- 
cubator. It is thus extremely unlikely that environment can have in- 
fluenced the series averages, and the differences between the series 
averages must be assumed to be due to genetical causes. 

There are two possible kinds of genetical differences between the 
series within a group, (l) It may be remembered that each series 
originated from a single case of crossing-over between B and Eb in a 
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B lEb female. The first kind of geiietical difference, which must be 
assumed to occur, thus has its origin in different points of crossing-over 
within the B — Eb region at the moment the various series are founded. 
(2) The second cause is that in spite of the effects caused, the isogeneity 
of the different series — apart from the B — Eb region — was not com- 
plete, with the consequence that the series still differed with respect to 
genes affecting the facet number, but situated elsewhere. 

As such efforts were taken to achieve isogeneity, it seems very 
improbable that differences due to modifying genes should still be 
possible. There is also an additional piece of evidence which, in its 
own way, speaks in favour of the isogeneity. The group which we have 
called »original» was directly, i. e. without any crossing-over, derived 
from the line of B Ebl-{- females described in the preceding article 
(Bonnier, Nordenskiold and Bagman, 1943), and which is denoted as 
strain No. 2 in Table 1 of the present article. In this strain 190 eyes 
were counted and gave an average of 40,5 facets per eye. This average 
should therefore, if no further changes due to non-isogeneity had 
occurred, agree with the average of the »original» (Table 2), which is 
37,0. An analysis of variance shows that the difference between the two 
averages 40,6 and 37, o is insignificant. By making this analysis we 
cannot carry out a partition with regard to culture size, as no such 
partition was performed when the facets of the 190 eyes, strain 2 
(Table 1), were counted. The mean square between the average of 
strain 2 (Table 1) and average of »original» (Table 2) is 1020,1925, and 
the mean square between the culture averages in »original» is 453,i75o. 
The ratio of these two mean squares is 2,25, which, with the degrees of 
freedom 1 and 5 respectively, corresponds to a value for P not much 
less than 0,2. Now, as is seen from Table 2, »original» is made up of 
6 cultures of which the last one differs considerably from the first 5. 
To make the same kind of analysis of variance after exclusion of the 
last culture would, however, not be fair, as those first 5 cultures are 
unusually uniform (as compared with the cultures within the other 
series). It seems most correct to compare the above mentioned mean 
square 1020,1925 with the mean square between averages of cultures 
belonging to one and the same series, and calculated from the whole 
material of Table 2. This last mean square is 739,8446, and the ratio of 
the two mean squares is 1,38, which, with the degrees of freedom 1 and 
58, corresponds to a value of P > 0,2. It may finally be added that 
between the dates of the hatching out of the females of strain 2 



364 


G. BONNIER, B. RASMUSON AND M. RASMUSON 


(Table 1) and the females of » original » (Table 2) there had elapsed 
at least 75 generations. 

It can never be stated if and when homozygosity is complete after 
a limited number of inbreeding generations even if this number is very 
large. Although it is thus impossible to prove decisively that the place 
of crossing-over is the only genetical determining factor in the variation 
of facet number in different » series » belonging to the same » group » it 
has, however, been proved as highly probable. Now, as mentioned 
above, Eb occurred in a Bar chromosome. But an Eb non-Bar chro- 
mosome contains only one of the two Bar segments. Furthermore, 
Eb has, when Bar is present, an effect of the same kind as Bar. From 
these considerations it was tentatively proposed in the preceding article 
(Bonnier, Nordenskiold and Bagman, 1943) that Eb is in itself a part 
of Bar. In this article it was also pointed out that the fact that, by 
ordinary linkage tests, £5 is found to be situated to the right of Bar, 
may be explained by supposing that Eb lies within the Bar segment 
but so close to its right border that crossing-over between Eb and this 
right border has never occurred. But as crossing-over in different points 
within the B — Eb region gives different results, with regard to facet 
number, we must conclude that Eb has a linear dimension and that it 
is consequently not a »point» gene, but occupies a certain portion of the 
chromosome, which conforms with the crossing-over reducing effect of 
Eb. If this portion is not too short it is conceivable that one could find 
crossing-over cases giving the inverted sequence Eb B instead of the 
sequence B Eb. Concerning the position effect of Eb, it should indicate 
that the functioning of the Eb portion of the chromosome and its final 
effect on facet number depends upon how much of this portion lies in 
the one, and how much in the other Z-chromosome. Thus, if the Eb 
portion is made up of two parts Eb' and Eb" , both genotypes BEbj-\- 
and BlEh should more correctly be symbolized as B Eb'jEb". And the 
phenotype would then be dependent upon the relative lengths of the 
two parts Eb' and Eb". 

Ill this connection it is worth recalling that Sutton (1943), in her 
studies on translocations within the Bar region, found Bar effects of 
different strengths. The phenotypic effects of her different transloc- 
ations thus showed themselves as different numbers of facets. 

As an alternative to the supposition that Eb is divided in portions 
Eb' and Eb", it may be thought that it is the gene Bar itself wdiich has 
been divided differently in the different series of our experiment. If 
this is so, it would be possible to find similar results in experiments with 
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Bar even in cases when Eb is not present. In new experiments, there- 
fore, an attempt will be made to determine whether changes from BB 
to B and from B back to BB will lead to different numbers of facets in 
different series. But as the great obstacle to making conclusive proofs 
is the impossibility of being quite certain of the isogeneity when this is 
striven after by a procedure of homozygotisation, an attempt will be 
made to preserve isogeneity in these experiments by permanent hetero- 
zygosity. 

Granting that the results which we have described in the present 
paper are not due to non-isogeneity, a certain kind of »gene divisibility » 
has been demonstrated. The possibility of such a divisibility has been 
discussed earlier in connection with the differential effects of scute in- 
versions by Raffel and Muller (1940). Our findings may possibly 
also support Goldschmidt’s theories on the chromosome and the 
hereditary units (cf. Goldschmidt, 1946). 

SUMMARY* 

(1) In a preceding article (Bonnier, Nordenskiold and BAgman, 
1943) the sex-linked lethal gene » Exaggeration of Bar» with the symbol 
Eb was described. This gene occurred spontaneously in a Bar chro- 
mosome, but the Eb chromosome has only one of the duplicated Bar 
segments. By ordinary linkage tests Eb was localized as lying very 
close to the right of Bar. It reduces crossing-over between B and fu 
from 2,5 to about 1,5 units. A female heterozygous with respect to Eb, 
but not containing B, has round eyes; but when B is present Eb has the 
effect of a B gene. Thus, for instance, a female heterozygous with 
respect both to B and Eb has eyes of the homozygous Bar type. Eb 
shows also the typical Bar position effect inasmuch as BB6/+ females 
have narrower eyes than BfEb females. It was also tentatively proposed 
that Eb is situated within the Bar region. 

(2) From a strain of B Bh/+ females, in the present article named 
: origin ab), BjEb females occurred through crossings -over on 5 differ- 
ent occasions, and, from each of these, strains of B/Eb females were 
established. (Later, however, two of these were lost.) From two of 
these strains again B B6/+ females occurred through crossings-over at 
four different instances in each of the two B/Eb strains. In this way 
2 » groups?) of B Ebj-h strains were established, each containing 4 
:?series» (see Fig. 2). From all the different strains a number of cultures 
were raised simultaneously in the same incubator at 25° C, and the 
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number of facets in the left eyes of the female progeny were 
recorded. 

(3) Prior to this facet counting an effort was made to make all 
B £b/+ strains isogeneous through a procedure of marking the X- 
chromosome by known recessives and by making the autosomes homo- 
zygous by inbreeding. Such isogeneity can never be conclusively proved, 
liut the manner in w^hich the different series were established shows 
very probably that at least all series belonging to one and the same 
group are isogeneous. It is also shown that there are statistically 
significant differences between the facet numbers of flies belonging to 
different series, and that these differences cannot be caused by differ- 
ential effects of environment. 

(4) It is concluded that Eb — or perhaps the gene Bar itself — is 
divisible » into parts, and that it is the lengths and interactions of these 

parts which are responsible for the determination of the facet number. 
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EINE PERIKLINALCHIMARE IN DER 
GATTUNG SYRINGA 

VON HAKON HJELMQVIST 

BOTANISGHES INSTITUT, SYST. ABTEIL., LUND 
(With a Summary in English) 


A LS ich vor einigen Jahren mit einer Untersucluing iiber verschiedene 
- Periklinalchimaren beschaftigt war, erhielt ich bei einer Gelegeii- 
heit Mitteilung iiber einen Fliederstraiicli, der einst einen Zweig mit 
gaiiz abweichender Bllitenfarbe getragen hatte. Dieser Zweig war wieder 
verschwunden imd da ich an andereii Exemplaren derselbeii Flieder- 
sorte keine abweichenden Blilten findeii konnte, hielt ich cs fur wahr- 
scheinlich, dass es sich uin cine Farbenmutatioii geliandelt hatte. Spater 
gefiindene Literaturangaben, besonders von Alexander Braun (1873, 
1874), der seiiierzeit diese Fliedersorte eingeliend studierte, wie auch 
weitere eigene Beobachtungen haben jedoch ineine Ansicht ganz ge- 
andert; ohiie Zweifel handelt es sich hier um eine Periklinalchimare 
von interessanter Ziisammensetzung. 

Die Sy ring a-F arm, um die es sich handelt, ist eine alte, heutzutage 
nicht oft angepflanzte Sorte, die luiter dem Nanien Sgringa cliinensis 
WiLLD. var. alba (Kirchn.) Rehd. geht. In der Blattform stimmt sie 
mit Sgringa chinensis iiberein. Die Bliiten sind von abweichender 
Farbe; sie sind indessen nicht ganz weiss, wie der Name vermuten liesse, 
sondern blass lilafarbig; besonders an der Innenseite der Kronrohre mid 
uni ihre Milndung herum tritt der lila Anflug zutage; die Lappen des 
Saumes sind sehr schwach gefarbt, beinahe weiss. Interessant ist alier, 
dass die Blilten auch in der Form von Sgringa chinensis abweichen und 
bestimmte Ahnlichkeiten mit *S'. vulgaris aufweisen, wie schon von 
Braun hervorgehoben ist. Die Lappen des Saumes sind nicht so aiis- 
gebreitet wie bei S. chinensis, sondern haben eingerollte Bander, wie 
dies bei S. vulgaris der Fall ist, sodass sie schinaler und oben abgerun- 
det aussehen, wahrend sie bei S. chinensis im Verhaltnis zur Liiiige 
breiter und kiirz gespitzt erscheinen (siehe Fig. 1). Der Kelch, der bei 
S. chinensis rdtlich ist und ziemlich lange Zahne hat, die durch spitz- 
winklige Einschnitte getrennt sind, ist hier wie bei S. vulgaris griin und 
hat breite, abgerundete Einkerbimgen zwischen den relativ kurzen 
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Zahnen. Eine andere Ahnlichkeit mit S. vulgaris besteht darin, dass 
die Bluteiirispen iiicht so iiberhangend wie bei 5. chinensis, sondern 
melir aiifrecht sind. 

Bei dieser Fliedersorte sind nun bei verschiedenen Gelegenheiten 
Zweige oder kleinei'e Partien von abweichendem Aussehen beobaclilet 
worden. Scbon Alexander Braun (1873, 1874) erwMint einige solche 
Falle. Er hat an einem Exemplar in Berlin in zwei aufeinanderfolgen- 
den Jahren Bliiten gefunden, die nicht nur die lila Farbe von S. chinensis 
batten, sondern auch der Form nach ganz mit dieser iibereinstimmlen. 
Sie kanien entweder in besonderen Rispen vor, wo alle Bliiten vom 
chinensis-Typiis waren, oder auch es konnte ein Bliitenstand sektorial 



Fig, 1. Zwei Bliiten der sog. Sijringa chinensis var. alba (~ S. correlata] im Bolani- 
schen Garten zu Lund (a — b), eine Bliite desselben Exemplares, die zur Hiilfte iila- 
farbig ist (e), zwei chinensis-BKiien cines Riickschlagzweiges desselben Exemplares 
[d — e), zwei B'luten von S. vulgaris {f — g). — Schwach vergrossert (X I'/o), 


aufgeteilt sein, sodass ein Sektor vom gewohnlicben Typits, ein anderer 
vom cbinensis-Ty^ii^ war und bestimmte Bliiten sektorial in lila imd 
blassfarbige Partien vom chinensis-, bzw. aZha-Typiis aufgeteilt waren. 
Ahnliche Abweichungen — vereinzelte Bluten oder auch Gesamtinflo- 
reszenzen vom cAmenm-Typus — werden u. a, von SchObeler (1888) 
erwahnt, der sie mehrmals an in Norwegen gezogenen Exemplaren ge- 
funden hat, und ferner von L. Henry (1901), der in Frankreich in 7 
verschiedenen Jahren an mehreren Exemplaren der Sorte von ver- 
schiedener Herkunft solche Abweichungen beobachtet hat. 

An einem alien Exemplar der Sorte im Botanischen Garten zu 
Lund, das den gewohnlicben Namen S. chinensis var. alba tragt, traten 
i. J. 1946 auch einige Abweichungen auf. An einem grossen Ast gab es 
in grosser Hohe, unweit des Gipfels, ein Zweiglein mit zwei Bluten- 
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rispen, die sowohl in der Farbe wie in der Gestalt dei* Bliiten ganz init 
S. chinensis libereinstiminten. Die Bliiten waren nur etwas kieiner als 
bei 5. chinensis gewohnlich der Fall ist, aber auch die anderen Bluten 
auf dem Asi, der die Abweichungen trug, waren etwas kieiner als am 
iibrigen Strauch; offenbar war der Ast schlecht ernahrt oder aus an- 
derer Ursache geschwacht. An einem anderen Ast kam in einer sonst 
typischen Bliitenrispe eine vereinzelte Bliite vor, die halb lilafarbig, 
halb blass wie der T^^pus war. Die Grenze verlief liber zwei entgegen- 
gesetzte Einschnitte des Saumes; es waren also zwei Abschnitte ganz 
lila, zwei von der Farbe der Varietat. Die Kronrohre ist ja auch bei 
dieser etwas gefarbt; man konnte aber deutlich sehen, dass genau die 
eine Langshalfte starker gefarbt und scharf vom iibrigen Teil abge- 
grenzt war; sie hatte iibrigens einen hellen Mittelstreifen, Die diesem 
starker gefarbten Kronenteil entsprechende Partie des Kelches war nur 
an der einen Seite in einem schmalen Band, ungefahr einem halben 
Kelchzahn entsprechend, vom chinensis-Typus; im iibrigen stimmte der 
Kelch mit der Varietat iiberein. Der Gestalt nach wichen die lila Ab- 
schnitte dieser sektorial geteilten Bliite nicht merkbar von S. chinensis 
var. alba ab; sie waren etwas langer als die »weissens Abschnitte, aber 
sonst batten sie ungefahr dieselbe Form wie diese, mit ziemlich stark 
eingerollten Randern. Dass sie nicht chinensis-F orm batten, ist viel- 
leicht darauf zuriickzufiihren, dass die Aussenseite der Krone, wie der 
Kelch, moglicherweise zum grosseren Teil nicht vom chinensis- 
Typus war. 

An einem Exemplar der Sorte in den stadtischen Anlagen in Lund 
wurde i, J. 1946 ein grosser, krMtiger Ast von S. chinensis beobachtet; 
er zweigte indessen so tief imten am Stamm ab, dass man mit der Mog- 
lichkeit rechnen muss, dass er in der Unterlage, auf der der Strauch 
veredelt ist, seinen Ursprung hat; es braucht nicht unbedingt ein Riick- 
schlag zu sein. Jedenfalls kommen Riickschlage zu 5. chinensis nicht 
nur in seltenen Ausnahmefallen, sondern, Avie besonders die Literatur- 
angaben zeigen, ziemlich haufig bei der Sorte vor. 

Als A. Braun seine Beobachtungen liber die eigentiimlichen Varia- 
tionen bei S, chinensis var. alba — von ihm S. correlata genannt — vor- 
legte, fiihrte er einige verschiedene Moglichkeiten zu ihrer Erklarung an, 
konnte aber keine ganz befriedigende Losung des Ratsels finden — 
ganz natiirlich in einer Zeit, wo die Natur der Periklinalchimaren noch 
nicht klargelegt war. Heiitzutage bietet es keine so grossen SchAvierig- 
keiten, die Bildung der Form und die Ursacben ihrer vegetativen Auf- 
spaltung festzustellen. Ohne ZAveifel handelt es sich urn eine Periklinal- 
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chimare; dafiir sprechen die liiii und wieder erscheiuenden Riickschlagc 
zu S. cbinemifi, die oft bestiiiimte Sektoren in einer flir Riicksclilage der 
PerikUnalcliiniaren typischen Weise bilden, wie dies z. B. bei Rhododen- 
dron Simsii var. V ervaeneaniim und Crataegus media var. punicea 
(Hjelmqvist, 1944) vorkommt. Die eine Konipoiiente der Chimare 
hesteht, wie die Riickschlage zeigen, aus Sijringa chinensis, mit typi> 
scher, lila Bliitenfarbe. Die andere Komponente ist nicht auf Grund 
Yon Riickschlagen bekannt, lasst sich aber mit Hinblick auf das Aus- 
sehen der Bliiten als eine Form von S, vulgaris mit weissen Blhten er- 
warteu. Dass es sich um eine von S. vulgaris und chinensis gebildete 
Periklinalchimare handelt, wird durch einige morphologische und ana- 
tomische Merkmale bestatigt, die auch liber die Anteile der beiden Kom- 
ponenten an der Chimare Aufschluss geben. 

Was zuerst den Ketch und die Bliitenstiele betrifft, so bestehen 
zwischen 5. chinensis und vulgaris bestimmte Unterschiede in der Be> 
schaffenheit der Oberflache, also in der Ausbildung der Epidermis. Bei 
S, chinensis ist der Ketch, der wie eiwvahnt eine rottiche Oberflache hat, 
von -sitzenden Driisen punktiert, bei *S. vulgaris ist er griln und auf der 
Oberflache und am Rand mit gestielten Driisenhaaren versehen; solche 
Haare sind auch auf den Blutenstielen vorhanden, felilen aber bei 
S. chinensis auch hier. Die var. alba stimmt in diesen Merkmalen voll- 
kommen mit S, vulgaris liberein: der Ketch ist griin und Drusenhaare 
gibt es sowold hier wie auch auf den Bliitenstielen. 

Ill der Anatomie der Blatter bestehen einige Untei\schiede, die zwar 
nicht gross sind, aber doch geivisse Schliisse gestatten. Die Epidermis 
liat in bezug auf die meisten Merkmale bei alien drei Formen ahnliches 
Ausseheii; Spaltoffnungen kommen z. B. bei alien reichlich auf der 
Unterseite, sparlicb auf der Oberseite vor; Driisen kommen ebenso bei 
alien beiderseits vor. In Flaclienschnitten von der Unterseite des Blattes 
(Fig. 2 a — c) ist indessen zu sehen, dass die Seitenwande der Epidermis- 
zelleii bei S. chinensis beinahe vdllig gerade sind; bei S. vulgaris dagegen 
sind sie einigennassen gckrummt, oft unregehnassig gewellt. Die Va- 
rietal alba stimmt hierin, wie betreffs der Epidermis des Ketches und 
der Bliitenstiele, mit 5, vulgaris liberein. 

Hiiisichtlicb des Inneren der Blatter (Fig. 2d — /) bestehen keine 
scharf markierten Unterschiede. Bei S. vulgaris sind jedoch die zwei 
Palisadenschichten gewohnlich von fast dersclben Gross e; die Zellen 
der unteren Schicht sind nur wenig kleiner als die der oberen, annahernd 
ebenso lang; bei S. chinensis sind die Zellen der unteren Palisadenschicht 
gewohnlich erheblich kleiner als die der obereii, oft nur halb so lang. 
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Fig. 2. Analomische Uiilerschiede zwischeii verschicdenen Syrzjigra-Formen. — 
(I — c: die Epidermis dor Blzittiinterseite in Flaclienansicht; d — /: Blattquerschnitle; 
0 — Querschnitte diirch deii ausscren Toil einjahriger Zweige. — a, /, g: S. chinemis: 
Ik e, h: S. vulgaris; c. d, i: die Ghimare. — Ca. ISOfache Vergrossening. 
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Dies ist auch bei var. alba der Fall, die also in diesem Merkmal niit 
S. chinensis ubereinstimmt. Dieses Grossenverhaltnis bildet zwar kein 
absolut unterscheidendes Merkmal — Variatioiien kommen aucli an 
demselben Strauch vor — aber wenn man nur Blatter nnter denselben 
Umstanden, Lichtverhaltnissen usw. vergleicht und das vorherrscbende 
Verhaltnis im Aiige behalt, ist es doch moglich, einen Unterscbied zu 
linden. Auch scheint das Schwammparenchym bei S, chinensis und 
var. alba etwas kompakter zu sein als bei S. vulgaris, 

Auch in der Anatomie des Stammes kann man einige, wenn auch 
nicht grosse Unterschiede zwischen Sgringa vulgaris und 5. chinensis 
beobachten. In jiingeren Zweigeii gibt es in der primaren Rinde ein 
Kollenchymgewebe von ziemlich oberflachlicher Lage — nur durch ein 
ca. 3 — 4:-schichtiges Parenchym von der Epidermis getrennt — und in 
diesem Kollenchym kann man vielleicht einige Unterschiede beobachten, 
wenn es auch bei jeder Form etwas variiert. Bei S. vulgaris (Fig. 2 h) 
sind die Zellen dieses Gewebes gewohnlich ziemlich unregelmassig ge- 
lagert und mit ringsum ziemlich gleichmassig verdickten Wanden ver- 
sehen. Das entsprechende Gewebe bei S. chinensis (Fig. 2 g) pflegt 
dagegen stark verdickte perikline Wande zu haben, wahrend die anli- 
klinen erheblich diinner sind, und die Zellen sind im allgemeinen regel- 
massig in konzentrischen Zellagen geordnet, die also durch starke kon- 
zentrische Membranleisten von einander getrennt werden. In derselben 
Weise verhMt sich var. alba (Fig. 2 i). Im Mark des Stammes sind 
ferner die Zellwande bei S. chinensis und ebenso bei der var. alba fein 
und unregelmassig getlipfelt, wahrend bei S. vulgaris von dieser Tupfe- 
lung fast nicbts zu seben ist. Diese Unterschiede zwischen den beiden 
vorigeii und der letzten Form kommen sowohl in einjahrigen wie in 
alteren Zweigen mid auch in den Infloreszenzachsen vor. 

Betreffs verschiedener Organe stimmt also die Varietat alba im 
oberflachlichen Gewebe mit S. vulgaris, in innereii Geweben mit »S, chi- 
nensis iiberein. Die Epidermis ist ohne Zweifel vom viilgaris^Typus; 
schon unmittelbar darunter scheint chinensis-Gewebe aiifzutrelen. Auf 
Grand der nicht allzu grossen Unterschiede zwischen S. vulgaris und 
chinensis kann vielleicht nicht bebaiiptet werden, dass durch die Ana- 
tomie ganz bindend bewiesen ist, dass alle Zellagen unter der Epidermis 
von S, chinensis gebildet werden. Es geht auch nicht, durch Aufziehen von 
Samenpflanzen Auskuiift iiber die Natur der Hypodermis zu gewinnen, 
denn die Form ist — wie im allgemeinen auch S, chinensis — steril und 
setzt keine Samen an. Es gibt indesseii andere Tatsachen, die dafiir spre- 
chen, dass nur die Epidermis dem viilgaris-Typus angehort. Erstens ist ja 
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die Blattform gaiiz vom chinensis-Typus, Die Hauptmasse der Blatter 
gelit ja aus der hypodermalen Zellage im Vegetationspunkt hervor; 
wiirde diese einer vulgaris-Fovm angehoren, so wlirden die Blatter ein 
ganz anderes Ausselien bekommen; sie muss statt dessen zu S. chinensis 
gehoren. Ferner ist von Untersuchungen des Vegetationspuiiktes bei 
Syringa durch A. Schmidt (1924) bekannt, dass hier in der Hypoderinis 
nicht selten perikline Teiliingen vorkommen. Aus diesem Grund ist 
Schmidt der Ansicht, dass eine diplochlamyde Chimare bei Syringa 
kaum vorkommen, jedenfalls nicht Bestand liaben kann. Es steht 
wenigstens fest, dass wenn eine solche entstehe, so wiirden Riickschlage 
zur ausseren Komponente sehr haufig vorkommen. Solche Riickschlage 
sind ja bei unsrer Si/n‘nga-Chimare uberhaupt nicht bekannt iind sie 
kann darum nicht mehr als haplochlamyd sein. 

Ich muss also zu dem Ergebnis kommen, dass Syringa chinensis 
var. alba eine Periklinalchimare ist, bei der die unter der Epidermis 
liegenden Gewebe von der typischen S. chinensis mit lila Bliiten gebildet 
werden, wahrend die Epidermis von einer S, uuZgaris-ahnlichen Form 
gebildet wird, die sich in keinem Riickschlag gezeigt hat, aber allem 
Anscheine nach die weissbliitige S. vulgaris darstellt. Mit Riicksicht 
auf diese Zusammensetzung ist es ja nicht angemessen, die Form als 
Varietal zu S. chinensis zu rechnen, sondern gleichwie andere ahnliclien 
Chimaren soil sie wohl einen eigenen Nanien haben. Es scheint mir am 
richtigsten, den alten Namen A. Brauns S. correlata wiedereinzufiihren. 

Die Eigenschaften, die Syringa correlata kennzeichnen, lassen sich 
leicht mit Hilfe der Annahme erklareii, dass sie eine haplochlamyde 
Chimare von der erwahnten Zusammensetzung ist. Das chinensis- 
ahnliche Ausselien der Blatter hat darin seinen Grund, dass S. chinensis 
die hypodermalen Zellagen bildet, aus denen die Blatter wie oben er- 
wahnt zum grosseren Teil liervorgehen. Es ware vielleicht zu erwarten, 
dass die Epidermis auch einen Einfluss auf die Blattform zu Ahnlich-* 
keit mit S. vulgaris haben sollte, wie bei Crataegomespilus Asnieresi und 
anderen haplochlamydeii Chimaren die Blattform auch von der ausse- 
ren Komponente bestimmt wird; dass dies nicht der Fall ist, wird je- 
doch dadurch erklart, dass die Unterschiede in der Blattform zwischen 
S. vulgaris und chinensis sich auf Merkmale beziehen, die durch tiefere 
Zellagen bestimmt werden; sie beziehen sich ja meist auf die Gestaltung 
der Blattbasis. Dass die Bliite vulgaris-'AhnVicher ist, findet darin seine 
natiirliche Erklarung, dass Kelch und Blumenkrone, besonders ihre 
ausseren Partien, diinne Gebilde sind, die nur aus wenigen Zellagen 
hestehen, sodass die Epidermis dort eine relativ grossere Rolle spielt. 
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Es is! ja iiicht unmoglich, dass die Randpartien wie bei gewissen an- 
deren Bliiten gaxiz von der Epidermis gebildet werden. Die Bliiteufarbe 
ist wahrscheinlicli diirch miteinander konkurrierende Tendenzen in der 
Epidermis und den darimter liegenden Schichten zii erklaren; diese 
haben Anlage fiir Anthocyanbildung in den Epidermiszellen; der Epi- 
dermis selbst fehlen vermutlich solche Anlagen ganzlich; dadurch er- 
klart sich, dass die dtinnen Lappen des Sauines fast weiss werden, 
wahrend die dickere Rohre etwas starker gefarbt erscheint. Am meisten 
iur die Farbe der Epidermiszellen entscheidend sind natiirlich die 
eigenen Anlagen dieser Zellen; einigermassen konnen sie jedoch ganz 
sicher auch von den angrenzenden Zellagen beeinflusst werden, wahr- 
scheinlich durch Zufuhr von Stoffen, die fur die Anthocyanbildung 
notig sind (vergl. Rhododeiidroi^ Simsii var. V ervcieneanum u. a.; 
Hjelmqvist, 1944). 

Dass Riickschlage zu S. chinensis ziemlicli liaufig sind, wahrend 
Ruckschlage zur ausseren Komponente sehr selten sind, wenn sie ilber- 
haupt vorkommen, steht auch mit der haplochlamyden Natur der Chi- 
mare im Einklang; bei haplochlamyden Ghimaren pflegen Ruckschlage 
zur inneren Komponente erheblich haufiger aufzutreten als solche zur 
ausseren. 

Ober die Entstehung von S, correlata ist nichts Sicheres bekannt. 
Die altesten Literaturangaben, die diese Form betreffen, durften die 
Berichte A. Brauns (1873, 1874) fiber ein altes Exemplar von S. corre- 
lata im Berliner Botanischen Garten sein, das seinerzeit von einein 
Gartner in Halle erhalten wiirde. Nach Angabe war es auf S. chinensis 
gepfropft. Es erscheint inoglich, dass die Form bei dieser Pfropfung 
entstanden ist, sodass die eingepfropfte Sorte eine imlgaris-Fovm, wahr- 
scheinlich mit weissen Bliiten, gewesen ist, und dass von der Pfropfstelle 
eine Chimarenbildung ausgewachsen ist. Es ist ja auch mdglich, dass 
die Form friiher entstanden ist; jedenfalls dlirfte die Entstehung in 
ahnlicher Weise stattgef unden haben. 

Nach Angaben von E. Otto (1859) und Schubeler (1888) ist an 
Syringa chinensis einmal ein Ast beobachtet worden, der mehrcre Blii- 
tenrispen trug, die augenscheinlich vollig mit S, persica ubereinstimm- 
ten. In einem anderen Fall ist ein »Sport» von einer anderen chinensis- 
Sorte, var. Saiigeana, aufgetreten (Henry, 1901). Ist denn auch S. chi- 
nensis eine (diimare? Wegen der grossen Seltenheit soldier Verande- 
iTingen ist dies nicht anzunehmen. Dbrigens ist hervorzuheben, dass 
nach spateren Untersuchungeu (Tisghler, 1930) die als S. persica an- 
gebaute Form tatsachlich gleichwie S. chinensis eine Hybride zwisclien 
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der Wildform von S. persica und S. vulgaris darstellt; die erwahnteii 
Abanderungeu stellen also nur Ubergange von einer Form zu oiner 
aiidereu innerhalb derselben Hybrideiiserie dar; wie sie erklart werden 
sollen, ist wohl den Zytologen ziir Entscheidimg zu unterbreiien. 

Bei einer Farbenvarietat von Sgringa chiiiensis, var. metensis, 
scheinen jedoch iiach den Angaben der Literatur Rlicksclilage zur typi- 
schen Bliitenfarbe ziemlich haufig vorzukommen (Me Kelvey, 1928, 
S. 421; nacli L. Henry]. Vermutlicli handelt es sicli hier um eine 
Chimare; selbst babe ich diese Form nicht untersuclit. Ihre Ent- 
stehung ist genau bekannt; sie entstand als ein »Sport» auf einem 
Exemplar von S. chinensis in Metz um das Jahr 1860 (Me Kelvey, 
a. a. O.). Wenn diese Form — wie zu vermuten ist — eine Periklinal- 
chimare darstdlt, dann ist sie also eine Mutationscliimare, in der die 
beiden Koniponenten sicb nur in der Bliitenfarbe von einander unter- 
sebeiden; sie ist also von einem anderen und gewobnlicberen Typus als 
S, correlala, die zu der seltenen Gruppe der echten »Pfropfbastarde^> 
geborl. 


SUMMARY. 

A periclinal chimaera in the genus Syringa. — An old garden-form 
of Syringa, generally called S. chinensis var. alba, is often reported to 
give inflorescences, flowers or flower-sections of tbe typical S. chinensis 
(Braun, Sghubeler, Henry), and the author has also seen such re- 
versions in the Botanical Garden of Lund. In one case only half a 
flower had the colour of S, chinensis (Fig. 1 c). The form has leaves 
that are of quite the same shape as in S. chinensis, whereas the flowers 
(Fig. 1 a — b) are more reminiscent of S. vulgaris (Fig. 1 / — g) in the 
cucullate flower-lobes and the round incisions of the calyx. Its flowers 
are of a faint lilac colour, especially pale in the lobes. The reversions 
(Fig. 1 (I — e) are typical S. chinensis in shape as well as in colour. This 
makes it probable that the plant is a chimaera of this species and a 
inilgaris~\ikc form. Confirmation of this is afforded by morphological 
and anatomical facts. The epidermis of the var. alba agrees with 
vulgaris. In the calyx and the pedicels it is green and glandular hairy 
as in this species, wdiile S: chinensis has a reddish calyx with glandular 
dots there as w’^ell as on the pedicels. The lower epidermis of the leaves 
(Fig. 2 a — c) has — seen from the surface — curved walls in var. alba 
as in vulgaris, in S. chinensis almost quite straight ones. Under the 
epidermis the tissues of var. alba agree with S. chinensis-, the differences 
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between these two forms and S. vulgaris are, however, not great. In 
S. chinensis and var. alba the proportion between the two palisade 
layers in the leaves is generally different from that in S, vulgaris (Fig. 
2 c? — /), and the colleiichyma of the bark has generally more regular 
layers and thicker periclinal walls in relation to the anticlinal ones 
(Fig. 2 g — i). These facts, together with the meristematic conditions of 
Sgringa, elucidated by Schmidt, speak in favour of the var. alba 
being a haplochlainydous chimaera. The inner component is Sgringa 
chinensis, the outer probably a white S. vulgaris. Under these circum- 
stances it should have a name of its own, most correctly the old name 
of A. Braun, S. correlata. It has probably arisen through grafting of 
S. vulgaris on S. chinensis. 
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COMBINATION EXPERIMENTS WITH 
MUTANT STRAINS OF OPHIOSTOMA 
MULTIANNULATUM 
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T he fungus that was the object of the following study was isolated 
in 1924 by Hedgcogk from pine lumber, and described in 1935 
by Davidson and Hedgcogk (Davidson, 1935) under the name of Cerafo- 
stomellci miiliianmilata, a name, however, which according to Nann- 
FELDT (Melin and Nannfeedt, 1934) should he exchanged for Ophio- 
s.toma multianniilatum. The species in question is obviously attached 
lo the earlier known O. plurianiuilatiim (Hedgc.) H. and P. Syd., and 
like this (Gregor, 1932) it is heterothallic (Andrus, 1936). As is shown 
by Robbins and Ma (1942) as well as by Fries (1943), 0. miiltiannula- 
tain is capable of assimilating a synthetic nutrient solution if — besides 
sugar and the usual inorganic salts — it contains vitamins thiamin 
i vitamin Bx) and pyridoxin (vitamin Bo). By x-ray irradiation, how- 
ever, it is possible to produce mutations requiring a further addition of 
some vitamin, a purin, a pyrimidine, etc., to the substratum (Fries, 
1945, 1946 b). 

The interesting observations of Beadle and Goonradt (1944) as 
to the formation of heterocaryotic mycelia in Neiirospora crassa led us 
to investigate whether heterocaryosis of the same type could appear in 
Ophiostoma too. As components of the combination experiments some 
mutants (or descendants of mutants) were chosen, characterized by 
their inability to synthesize uracil (Nos. 460, 1178 andf 1208),hypoxanthine 
(Nos. 513, 636, 870), adenine (Nos. 1174 and 1202), or guanine (No. 
848), all of them obviously without a tendency towards adaptation. 

The isolation of hyphal tips was performed in the following way. 
Dry sterilized cover-glasses were immersed into a hot, sterile agar- 
solution consisting of 1,5 % washed agar, 0,2 % glucose, 0,5 % NH 4 - 
tartrate, 0 ,i % KH.PO,, 0,05 % MgSO, • 7 H 2 O, 0,oi % NaCl, 0,oi % CaCh, 
40 7 /iit. of vitamin Bi, 40 y/lit. of vitamin Be, and traces of Fe, Zn and 
Mn. Immediately after that, every cover-glass was put into a sterile 
petri dish, where the nutrient solution solidified into a thin film on the 
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surface of [he cover-glass. A piece of the mycelium which was to be 
investigated was inoculated on this film. By using a thin agar film 
and a percentage of glucose ten times lower than that otherwise used, 
the mycelium growing out on the cover-glass became so loose that, by 
(he aid of a platinum needle, individual tips of hypliae could he isolated 
directly under the microscope. 

In isolating a hyphal tip a square piece was cut out of the agar coat 
in which the tip was growing, and this piece was transferred to a petri 
dish containing transparent malt-agar (impurities were removed by 
centrifugation). The growth of the hypha on the agar plate was followed 
by a microscopic examination every sixth liour, by which it could be 
controlled that no other tip of hypha, or any conidiimi, had through an 
oversight been carried along in the isolation. When the tip had rami- 
fied and grown out to a suitable length in the surrounding malt-agar, 
it was isolated once more with a platinum needle in the same way as 
before. The piece with the hyphal tip thus isolated twice was finally 
trails terred to a culture tube containing malt-agar. 

The isolation of conidia was carried out in llic usual manner 
(Fries, 1946 a, p. 128). 

Ill the first experiment two ( — j-mycelia, 513: 14 (hypoxanthine- 
heterotrophic) and 848: 20 (guaiiine-het. ), were combined on malt-agar. 
A mixed mycelium was obtained, and when an inoculum of this was 
transferred to a synthetic nutrient solution, it grew there quite well. 
Eight cultures obtained from isolated unramified hyphal tips behaved 
in the same manner. Since it could be the question of heterocaryotic 
mycelia, also ten conidia were isolated and allowed to grow out into 
mycelia. These too, however, turned out to react as quite normal 
mycelia of the >: wild type». Either the conidia were heterocaryotic too, 
or a reduction division had occurred resulting in a segregation of 
physiologically normal ascospores — prototrophic, according to the 
lerminology of Ryan and Lederberg (1946). The former alternative 
being true, the conidia must contain several nuclei, which was not very 
probable, the latter alternative pre.supposed an x illegitimate copulation 
since the components of the mycelium both represented the same 
incompatibility group. 

In combining t\vo ( + )-inycelia, 848: 5 (guanine-heterolrophic) and 
460 (uracil-het.), a result was won which wholly agreed with that just 
described. 

If the conidia and the mycelia developed from these (in the ex- 
periment first reported) were lieterocarycitic, some of the ascospores 
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produced by mating such a mycelium with a prototrophic strain must 
give rise to hypoxanthine-heterotrophic mycelia, some other ascospores 
must produce guanine-heterotrophic mycelia, and the remaining spores, 
prototrophic mycelia. One of the above-mentioned 1-conidium-mycelia, 
obtained from the combination 513: 14 848: 20, produced perithecia 

with the (prototrophic) test-mycelium No. 1 (+). Seventy-nine 1-asco- 
sporous mycelia were isolated, and their demand for pur ins was tested. 
It appeared that all were prototrophic. As ascospores have one nucleus 
each, heterocaryosis is excluded. Consequently both parental mycelia 
— thus the 1-conidium-mycelium too — must have been prototrophic 
and not heterocaryotic. 

An illegitimate copulation must accordingly have occurred between 
I he two mutant ( — ) -mycelia in the combination culture mentioned 
above. To get an idea of the frequency of such illegitimate copulations, 
37 combinations were made between different uracil-, hypoxanthine-, 
adenine- and guanine-heterotropliic mutants belonging to the same in- 
compatibility group. In some cultures, formations were observed wliicli 
could be presumed to be rudiments of fruit-bodies. Completely devel- 
oped fruit-bodies did not appear in any single case, and have in fact 
never been observed in our laboratory in monosporic cultures, or in 
ciiUures of the ( + ) X (H")- or ( — ) X ( — )“type. In this respect 
O. miiltianimlatum wholly corresponds to Neiirospora. 

When the combination cultures in question were 50 days old, two 
big pieces of the mycelial mat together with the agar layer immediately 
beneatli were removed, and one was transferred to a flask containing a 
sterile, synthetic nutrient solution (without any addition of nucleotide 
components), the other was fixed in pikroformol, according to Bouin- 
Maire. In 23 of the flasks inoculated in this manner the inoculum 
remained rather unaltered; only by degrees did solitary hyphae slowly 
develop; in 14 flasks, on the other hand, an intensive development of 
mycelium immediately set in, so that the whole volume of the solution 
was interwoven with hyphae even in a few days (Table 1). In the latter 
cases the combination cultures had given rise to prototrophic mycelia. 
In some of tliese cases it was controlled that it was not the question 
of heterocaryotic mycelia. 

The fixed pieces of mycelium were microtomized, stained with iron 
haematoxyline and lichtgriin, and examined as to the occurrence of 
rudiments of perithecia. Such rudiments turned out to be present in 
all the cultures giving rise to prototrophic mycelia. Thus, there hardly 
seems to be any doubt about the prototrophic mycelia having arisen 
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TABLE 1. The segregation of prototrophic mycelium in illegitimate 
combinations between different mutant strains of Ophiostoina multh 
anniilatum, and the growth rate of the combinations on agar with 
minimum nutrient solution. 

a = adcnine-hetcrotrophic; g = guanine-hetero trophic; h = hypoxanthine- 
heterotrophic; u uracil-heterotrophic. 

In the second column + means that prototrophic mycelium was developed, 
— means that no development of prototrophic mycelium was observed. In the last 
column . means that no determination of the growth rate was made. 

Development of Growth rate of 


Strains 

prototrophic 

mycelium 

the combination 
in mms. per day 

513 (+, h) + 848; 5 (+, g) . . . . 

. . . . — 

0 

513 (+, h) + 848: 15 (+, g) .... 


0 

636 (+,h) + 848: 5 (+, g) .... 

. . . . — 


870 (+,h) + 848; 5 (+,g) .... 

. . . . — 

0 

870 (+,h) + 848; 15 (+, g) .... 

.... + 

0 

513: 1 (— , h) + 848 {— g) 

. . . . — 

0 

513;14(— ,h) + 848 (— ,g) .... 

. . . . — 

0 

513; 1 (—, h) + 848; 20 (— , g) . 

. . . . — 

0 

513: 14 (— , h) + 848: 20 (—, g) . 

. . . . + 

2a 

1174 (+,a) + 848; 5(+,g) .... 

— 


1174 (+, a) +848:15 (+, g) .... 

. . . . — 


1202 (+, a) + 848; 5 (+, g) ... . 

. . . . — 

0 

1202 (+, a) + 848:15 (+, g) .... 

— 

0 

513(+,h)+ 460 (+,u) 

— 

0,9 

513 (+,h)+ 460:9 (+, u) .... 


0 

513 (+,h) + 1178 (+,u) 

.... + 

0 

513 (+, h) + 1208 (+, u) 

. . . . — 

0 

870 (+,h) + 460:9 (+,u) . . . . 

+ 

Oa 

870 (+,h) + 1178 (+,u) 

.... + 

0 

870 (+, h) + 1208 (+, u) 

. . . . — 

O.t 

513: 1 (— ,li) + 460:4 (— ,u) .. 

. . . . — 

0 

513: 14 (— , h) + 460; 4 (— , u) . . 

. . . . — 

0 

1174 (+, a) + 460:9 (+,u) .... 

— 


1174 (+, a) + 1178 (+,u) 

. . . . — 


1174 (+, a) + 1208 (+.u) 

. . . . — 

, 

1202 (+,a)+ 460:9 (+,u) .. .. 

.... — 

0 
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Strains 

Development of 
prototrophic 

Growth rate of 
the combination 

1202 ( + , a) + 1178 (+,ij) 

mycelium 

in mms. per day 

0 

1202 ( + ,a) + 1208 (+,u) 

— 

0 

848; 5 ( + , g) + 460 ( + . ii) . . 

+ 


848: 5 (+, g) + 460:9 (+, u) 

+ 

0,7 

848; 5 ( + . g) + 1178 (+. u) . . 

— 

0,7 

848: 5 (+, g) + 1208 (+, u) . . 

+ 

0,;^ 

848: 15 (+, g) + 460: 9 (+, u) , 

+ 

o,.". 

848: 15 (+, g) + 1178 (+, u) . . 

_L 

0,5 

848; 15 (+, g) + 1208 (+,u) : . 

+ 

0,2 

848 (— , g) + 460; 4 (—, u) .... 



0,6 

848: 20 (—, g) + 460: 4 (— , u)- . 

+ 

1,0 

1 ( + , prototrophic) 

(+) 

4,1 

2 ( — , prototrophic) 

(+) 

4,7 


from ascospores formed after reduction division. Such illegitimate 
copulations and reduction divisions are, however, obviously rare. No 
clear reduction division could be observed in any of the slides, nor did 
a segregation of normal mycelia take place in all the cultures where 
rudiments of perithecia appeared. 

Thus, the existence of illegitimate copulations in 0. multiannulatam 
would undoubtedly have been very difficult to establish, unless the 
copulants combined here had been of such a sort that a certain product 
of segregation — the prototrophic mycelium — could easily be identified 
])y its physiological properties. 

In the experiments mentioned the illegitimate copulations rendered 
it however impossible to decide whether heterocar yosis occurs in 
O. miiltianiiulatum. To prevent these copulations, if possible, experi- 
ments were made to combine different types of mutants on a synthetic 
agar medium of the composition stated on a foregoing page, but with 
2 % glucose instead of 0,2 %. The growth of the mutants on this 
substratum was extremely poor and was caused by occurrence of in- 
considerable traces of the respective nucleotide constituents in the iii- 
ocula and in the substratum. Rudiments of fruit-bodies did not occur 
in any case. In the 31 combination cultures arranged with different 
mutants (Table 1) a rather vigorous formation of mycelium set in after 
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two weeks, at the earliest, in 13 of the cultures. The growth rate was, 
however, very low, and considerably inferior to the prototrophic mycelia 
on this substratum. 

One of these combination cultures, 636 (+, hypoxanthine-heterO’ 
trophic) X 848: 5 (+, guanine-het.), was more closely examined. All 
of 9 isolated hyphal tips as well as all the conidia developed into hypo- 
xanthine-heterotrophic mycelia. Consequently, no reduction division 
had taken place in this case, nor had a heterocaryotic mycelium arisen; 
but the growth was probably conditioned by an extracellular inter- 
change of hypoxanthine and guanine in the same way as has earlier 
been described in so-called artificial symbioses (Kogl and Fries, 1937; 
ScHOPFER, 1938; » extracellular symbiosis>>, according to Beadle and 
CooNRADT, 1944). That no guanine-heterotropbic conidia and tips of 
hyphae, but merely hypoxanthine-hcterotrophic ones were obtained, 
probably depends on the fact that the hypoxanthine-heterotrophic com- 
ponent is the more vital and rapidly growing one in the combination. 
Presmnab]\^ the guanine-heterotrophic partner limits the growth of the 
system. 

In the combination between a hypoxanthine- and a uracil-hetero- 
trophic mutant, viz. 513 ( + ) and 460 ( + ), all the four hyphal tips and 
nine conidia isolated were also hypoxanthine-heterotrophic. This com- 
ponent, then, is the most rapidly growing one even in this combination. 

The possibility can of course not be excluded that also hetero- 
caryotic hyphae are present in these combination cultures. It is ob- 
vious, however, that heterocaryotic mycelia having a growth rate equi- 
valent to that of prototrophic mycelia cannot he formed in 0. multi- 
aimiilatiim — unlike Neiirospora — at least not under the conditions 
tested here. This may perhaps he due to the fact that the species of 
Ophiostoma — to judge from available particulars and figures in lit- 
erature (Mittmann, 1932; Andrus, 1936) — ^ possess uninucleate cells, 
whereas Neiirospora, like perhaps most other Ascomycetes, is a 
coenocyte with numerous nuclei in each cell. 

The capacity of forming heterocaryotic mycelia characteristic of 
Neurospora has, as is known, proved to imply a very convenient means 
of deciding whether two gene mutations concern one and the same 
gene. This possibility seems to be excluded in 0. multiaimulatum. So 
ill the first place one is here restricted to using the ordinary method 
with matings between mutants (or descendants of mutants) belonging 
to different incompatibility groups and to an examination of the pro- 
perties of the progeny — fairly easily done, it is true, when it mainly 
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comes to indicating the absence or presence of physiologically normal, 
prototrophic products of segregation. From a certain mutant mycelium 
it may, however, often he difficult and time-consuming to produce — 
by crossings with normal test-mycelia — descendants of the opposite 
mating-type necessary for such combination experiments. In so far as 
illegitimate copulations between mutants within the same incompatibility 
group prove the existence of non-allelism by a segregation of proto- 
trophic mycelium this roundabout way iu solving such problems can 
be avoided. 

Summary. — In 14 of 37 illegitimate combinations of different 
physiological (uracil-, hypoxanthine-, adenine- and guanine-hetero- 
trophic) mutants of Ophiostonia miiltiaimulatiim on nialt-agar a proto- 
trophic (= »wild type») mycelium developed. It is supposed that this 
must have arisen through a segregation in rudiments of perithecia. 
Heterocaryotic hyphae could not he found in these combinations, nor 
in such combination cultures on agar containing a synthetic nutrient 
solution. In 13 of these 31 cases last mentioned, however, there was 
some growth probably due to the formation of extracellular s 5 TObioses. 


LITERATURE CITED. 

1. Andrus, C. F. 1936. Cell relations in the perithecium of Ceratostomella mnlti- 

annulata. ■ — Mycologia, 28: 133 — 153. 

2. Beadle, G. W, and Goonradt, V. 1944. Heterocaryosis in Neurosporn crasm. 

— Genetics, 29:291 — 308. 

3. Davidson, R. W. 1935. Fungi causing slain in logs and lumber in the southern 

states, including five new species. — .lourn, Agr, Res., 50 : 789 — S07. 

4. Fries, N. 1943. Die Einwirkiing von Adennin, Aneiirin und Biotin aiif das 

WachsUini einiger Ascomyceten. — Symb. Botan. Upsab, YII, No. 2:1 — 73. 

5. — 1945. X-ray induced mutations in the physiology of Ophiostoma. — Nature, 

155:757. 

6. — 1946 a. X-ray induced paralliiotrophy in Ophiostonia, — Sv. Rot. 4'irlskr., 

40: 127—140. 

7. — 1946 b. Mutant strains of Ophiostonia multianniilatuni requiring com- 

ponents of different nucleotides. — Arkiv f. Botanik, 33 A, No. 7:i — 7. 

8. Gregor, M. 1932. A study of heterothallism in Ceratostomella phiriannulata 

Hedgcogk. — Ann. Mycol., 30:1—0. 

9. KOgl, F. and Fries, N, 1937. Cber den Einfluss von Biotin, Aneurin und Meso- 

Iiiosit aiif das Wachstum verschiedener Piizarten. — Zschr. f. physiol. 
Chemie, 249: 93 — lio. 

10, Melin, E, and Nannfeldt, J. A. 1934. Researches into the blueing of ground 
woodpiilp. ■ — Sv. Skogsvardsfdren. Tidskr., ffl, IV: 307 — 616. 



NILS FRIES AND ULLA TROLLE 


;^84 


11. Mtttmann, G. 1932. Kulturversuche mil Einsporstammcn imd zytologische 

Untersuclumgeii in der Gattung Ceratostomella. — Jahrb. f. wiss. Bot., 
77: 185 — 219 . 

12. Robbins, VV. J. and Ma, R. 1942. Vitamin deficiencies of Ceratostomella and 

related fungi. — Amcr. Journ. Bot., 29 : 835 — 843 . 

13. Ryan, F. J. and Lederbekg, J. 1946. Reverse-mutation and adaptation in 

leucineless Neurospora, — Proc. Nat, Acad. Sci., 32: KiC— 173. 

14. ScHOPFER, W. H. 1938. Symbio.se ei facteurs de croissaiice. — Gompt. Rend, 

l:er Congres de microbiologistes de langue fran^aise, Paris. 



CONSTITUTION AND C-MITOTIC ACT- 
IVITY OF ISO-COLCHICINE 

BY ERNST STEINEGGER and ALBERT LEVAN 

GYTO-GENETIC LABORATORY, SVALOF 


I. INTRODUCTION* 

C olchicine was isolated from Colchlcum autumnale for the first 
time by Zeisel. Through the work of this author, continued 
during a long period (Zeisel, 1883, 1886; Johanny and Zeisel, 1888; 
Zeisel and v. Stockert, 1913), the empirical formula of colchicine 
was determined as C 22 H 25 O 0 N. The function of the nitrogen atom as 
well as of five of the oxygen atoms was understood. The work of 
WiNDAUS (e. g., 1924) and collaborators led to the constitution of 
formula (I) (see Scheme 1), which formula, however, does not account 
for ail the properties of colchicine. 

That colchicine has a remarkable action on mitosis was early 
known. Its cytological effect was studied in animal material by Dustin 
(e. g., 1934), in plant material by Gavaudan and Gavaudan (1937) and 
by Dustin, Havas and Lits (1937), and later on by a great many 
workers. The main effect of colchicine on mitosis is a more or less 
complete destruction of the spindle apparatus. The chromosomes divide 
as normally, but their daughter halves are not distributed to the poles. 
This deviation from the normal course of mitosis gives a very charact- 
eristic morphological picture, which in its main features is identical in 
all animals and plants studied. It was called c-mitosis by Levan (1938), 
which rather neutral term seems preferable to the more or less de- 
scriptive or hypothesizing terms, e. g., caryoclastic mitosis, stathmo- 
kinesis, polyploidogenic action, mitosis inhibition, mitosis poisoning, 
each of which may cover only certain sides of the reaction. 

During later years a whole literature has grown up around the 
colchicine problem, especially since the polyploidogenic action of col- 
chicine was detected by Blakeslee (1937). Most of these papers deal 
with cyto-genetic aspects, as the appearance and behaviour of the new 
artificially produced polyploids. The morphology of the cytological 
effect on the living cell has also received due attention, most workers 
being in agreement as to the main features of the c-mitosis. 
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Among the lines of research the outcome of which cannot yet be 
regarded as settled, reference may be made to the important question 
as to what part of the colchicine molecule is responsible for its activity 
(Brues and Cohen, 1936; Cook and Engel, 1940; Lettre, Albrecht 
and Fernholz, 1941; Lettre and Fernholz, 1943). Other recent in- 
vestigations have centred around the striking lack of specificity of the 
c-mitotic reactions. It has been found that many substances of quite 
different chemical character from colchicine nevertheless show c-mitotic 
activity. Tiuis, acenaphthene was found to be active (Kostoff, 1938) 
and likewise apiol (Gavaudan and Gavaudan, 1939). Levan and 
Ostergren (1943) and Ostergren and Levan (1943) tested series of 
related substances, and by means of a quantitative method it was 
possible to decide that as a rule some concentrations of most substances 
gave the reaction. This was true of all halogen and methyl derivatives 
tested of benzene, naphthalene, cyclohexane and thiophene. Activity 
was present especially in substances known for their narcotic properties 
(Ostergren, 1944). The apparent contradiction between, on one 
hand, specifically acting chemical groups and, on the other hand, the 
striking lack of specificity of the c-xnitotic reactions may be overbridged, 
as will be discussed further in a later chapter. 

The present writei’s intend to deal in a few papers with some 
problems connected with the c-mitosis, problems often lying on the 
borderline between biochemistry and cytology. This first commun- 
ication will give some data concerning the action on Allium roots of an 
isomeric form of colchicine. The method employed is the same as 
earlier adopted at this laboratory, i. e. a determination of the effect of 
different concentrations of the substance on growing root-tips of Allium 
Cepa bulbs. Fixation of the root tips has been made at different intervals 
after the beginning of the treatment. 

Our thanks are due to Dr. M. SoRKiN, Basle, for presenting us 
with a sample of iso-colchicine. The stay of E. Steinegger at Svalof 
has been made possible by a fellowship from the Swiss »Stiftung filr 
hiologisch-medizinische Stipendien». 

IL THE CHEMICAL CONSTITUTION OF COLCHICINE 
AND ISO-COLCHICINE. 

It has been shown that the constitution of colchicine as given by 
Windaus is unsatisfactory. Barton, Cook and Loudon (1945) claim 
that the ring B of colchicine must be seven-membered. Dewar (1945 a, 
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b, c) supposes that the ring C is also seveii-membered, just as is the case 
with the stipitatic acid isolated from Penicilliam stipitatum. Through 
combination of the two seven-rings B and G Dewar (1945 b) proposed 
the constitution (III) as being the most probable one for colchicine. 

The methyl group of ring C is easily split off, colchiceine thereby 
originating constitution (II) according to Windaus, (IV) or (VI) accord- 
ing to Dewar. While the constitution (II) of Wjndaus leaves open only 
one possibility for the formula of colchiceine (the possibility of cis-trans- 



I R = CH^ Colchicine III R = CH^ Colchicine V R = iso-Colchicine 

II R = II Colchiceine IV R = H Colchiceine VI ,R = H Colchiceine 

(WINDAUS) (DEVf'AH) (D'iW’AR) 



OR 


VII R = H N'Acetylcolchlnol .IX « -Phenyl-p-Cp-methoxy- 

VIII R = CH^ N-Acetylcolchinol phenyl) -ethylamine 

methyl ether 

Scheme 1. The constitution of colchicine and related substances. 

isomery is not taken into account), the constitution given by Dewar 
allows of two resonating structures. This is perfectly analogous to the 
two resonating constitutions known for stipitatic acid (Dewar, 1945 a). 

If colchiceine is methylated, two isomeric methylated compounds 
would be expected, as indeed they have been obtained from stipitatic 
acid. Their structures would correspond to formulae (III) and (V). 
Meyer and Reichstein (1944), after methjdating colchiceine with diazo- 
metliane, obtained crystalline colchicine to a yield of two per cent with 
an optical rotation of [a]{j= — 122,4° + 2°, while the bulk of the re- 
action product remained amorphous and showed an optical rotation of 
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[a]^ = — 223, 5 ^^ ± 2°. The latter substance showed the same analytical 
composition as colchicine. 

Recently SoRKJN (1946) succeeded in separating two substances 
From the mixture originating after the reaction of diazomethane on 
colchiceine. Besides normal colchicine one isomere of colchicine, called 
zso-colchicine, was also obtained in crystalline form for the first time, 
/so-colchicine is described by SORKIN as a colourless powder, crystall- 
izing into orthogonal or hexagonal plates. Melting point: 225 — 226 \ 
optical rotation: [ 0 ]^= — 306,7° ±3°. In similarity to colchicine it 
dissolves in aqueous mineral acids with yellow colour. On heating 
together with mineral acids it again gives colchiceine. 


III. THE C-MITOTIC ACTION OF ISO-COLCHICINE. 

The action on Allium roots of a dilution series of iso-colchicine, 
including 7000, 1000, 100 and 10 X 10“'’ mol/1, immediately revealed 
one striking difference from colchicine. In normal colchicine concen- 
trations of 100 to 150 X 10“*^ mol/l already give c-mitosis, in z\90-col- 
chicine none of the above concentrations gave complete c-mitosis. In 
the strongest, 7000 X 10“'’’ mol/l, there were tendencies to c-mitosis. 
Fig. 1 b — d represents three stages of increasing c-mitotic tendencies 
after four hours’ treatment with 1000 X 10“'^ mol/i [b) and with 
7000 X 10“'’ mol/l (c — d). Compared with the normal mitosis of 
Fig. 1 a, taken from a 24 hours’ treatment with 10 X 10”'’’ mol/l, it will 
be noticed that the chromosome contraction is more pronounced in 
7000 X 10“''’ mol. Even the spindle begins to show irregularities. In 
b it is rather regular, in c the poles are flattened out, showing traces of 
multipolarity. The chromosomes are still gathered in an equatorial 
plate. In c this plate is quite irregular. Since the plasm in this cell 
showed a heavy staining, the spindle fibres were well visible. Several 
individual poles were present, and those small bundles of spindle fibres 
which are in contact with the centromeric regions of the chromosomes 
were oriented in different directions. Complete destruction of the spindle 
did not occur in this concentration. 

On fixing after 24 hours’ treatment it turned out that all concen- 
trations, even the strongest one, showed exclusively normal mitoses. 
The c-mitotic effect shown by 7000 X 10“'^ mol/l shortly after the be- 
ginning of the treatment thus depended on a shock action, early dis- 
appearing. No poison effect was noticed in these concentrations. The 
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roots were still turgescent after seven days, even if no further growth 
had occurred. 

After the above results were known two higher concentrations were 



tested, viz. 25000 and 14000 X lO"*^ mol/1, i. e. 1 and 0,5c %. The higher 
of these, which corresponds to a semi-saturated solution, gave a distinct 
poison effect after 4 hours, and only few mitoses were t)resent. These 
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were to a large extent c-mitoses. A decided stickiness was seen, the 
mitoses belonging to the compact, agglutinated type. After 24 hours 
no divisions were found in this concentration, after two days a few 
mitoses were again found, peculiarly enough they now had normal 
spindles and did not show especially strong contraction. After four 
days most of the meristem did not take the stain and the nuclei had no 
visible structures. The cells were probably not dead, however, the roots 
still remaining turgescent after 11 days. After 22 days the roots began 
softening, and no growth occurred. 

The cytological study of the concentration 14000 X 10”*^ was started 
after two hours’ treatment. The mitoses were then normal but showed 
clear c-mitptic tendencies. After four hours most of the mitoses had 
turned into tyi)ical c-mitoses. Fig. 1 e is an instance of such a mitosis, 
the chromosomes of which are strongly contracted; the chromosomes 
show no equatorial arrangement and no traces of any spindle can be 
detected. The centromeres are probably still undivided, although each 
centromere is parted into two darker grains lying in line with the two 
chromatids. Between these stained parts the centromeres are lighter. 
It may be that the centromeres are already divided, the chromosomes, 
however, being held together by their stickiness. 

A period of 24 hours in 14000 X 10'^^ mol/l induces complete c- 
mitosis; normal spindles are totally absent in the slide. Different stages 
of the c-mitosis resulting from this treatment are pictured in Fig. 1 / and 
7z— /. The c-mitosis here must be judged as complete and typical. It 
is characterized, however, by a higher degree of stickiness than is 
present in c-mitosis of, for instance, normal colchicine. This stickiness 
brings about an agglutination of the c-pairs of the c-metaphase. Some- 
times two or more c-pairs stick together in one end at a drop of 
chromatin, which seems to have developed from the chromosome arms 
involved (see Fig. 1/, at the arrow). A certain irregulaiaty perceived 
in the development of the c-pairs is probably due to this stickiness. 
Thus, in the same cell theire often occurred c-pairs with their chromatids 
quite parallel, sticking together along their whole length, besides typical 
x-shaped c-pairs. Sometimes the daughter chromatids of one c-pair may 
stick together in one half and he separated in the other half (Fig. 1 ii, i). 
Such irregularities were still present after four days, as shown by 
Fig. 1 g. This shows one cell with one x-shaped c-pair, while all the 
other c-pairs have their chromatids sticking together parallelly. This 
difference in the appearance of the c-pairs may be of the same nature 
as that found by WiTKUS and Berger (1944). In their experiments 
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colchicine gave the ordinary x-shaped c-pairs, while veratrine gave 
c-pairs of the more sticky type. 

In Fig. 1 / a c-^naphase is represented. At this stage, too, the 
course is somewhat more irregular than in ordinary c-mitosis. Most 


c-pairs of the picture are already 
separated into »ski pairs hut one or 
a couple are of x-shape and evidently 
hang together at their centromeres. 
Probably as a result of the stickiness, 
the division of the centromeres does 
not cause a simultaneous partition 
of the chromosomes. Or else the 
heavy treatment has upset the syn- 
chronization of the division of the 
centromeres. In normal c-mitoses 
the c-anaphase always starts absolu- 
tely at the same time in all c-pairs, 
while in c-mitosis induced by iso- 
colchicine the timing of the process 
seems to be less exact. 

Fig. 1 k shows one lobated nu- 
cleus formed from a c-telophase in 
which the c-pairs must have been 
widely scattered. This type as well 
as multinuclear cells commonly oc- 
curred after a treatment of 14000 X 
10 mol/1 for four days. A slight 
poison effect was met with in this 
treatment, hut the I’oots maintained 
their turgescence all the time. Most 
mitoses wei*e of c-type at this time. 
The macroscopical colchicine reac- 
tion, the swelling-up of the growth 



region of the roots, the so-called c- 
tumour reaction, was carefully 
looked for all through our experi- 


Fig. 2. AUhim Cepa. — a, c: un- 
treated, b, d: treated Avith UOOOXlO 
mol iso-colchicine; a^b: enlarged root- 
tips from c and d respectively. 


inents. The reaction was found 


only in one concentration, viz. 14000 X 10“^ mol/1, in which it began 
to appear after three days. Fig. 2 shows the appearance of the c- 
tumours after five days. Undoubted c-tiiinours are seen clearly in the 
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enlarged roots ol' Fig. 2 b, especially when compared with the untreated 
roots ol* Fig. 2 (i. Th.e reaction is, however, less pronounced than after 
treatment with ordinary colchicine; the tumours are smaller and their 
shape is more elongated. It must he considered of some interest that 
the two reactions, c-mitosis and c-tuniour, accompany each other in 
i 50 -colchicine just as in colchicine, although in the case of tso-colchicine 
in 100 times higher concentrations. 

Here follows a survey of the observed occurrence of c-mitosis in 
fso'-colchicine (+= c-mitosis, + = mixed c- and normal mitosis, 
— normal mitosis, 0 = not studied); 


Concentration in 
10“^’ inol/1 

2 hours 

4 hours 

24 hours 

2 days 

4 days 

25000 . . . 

. . 0 

+ 

(“-) 

+ 

9 

(-) 

? 

uooo . . . 

(+) 

+ 

0 

"h 

(-) 

0 

7000 . . . 

. . 0 

(+) 

— 

0 

1000 , . . 

. . 0 

— 

— 

0 

0 


IV. DISCUSSION* 

Although certain small morphological differences seem to be 
present between the c-initosis of colchicine and that of zso-colchicine, 
the same main type undoubtedly prevails in both substances. On the 
other hand, the differences in tlireshold values are striking: in Allium 
colchicine gives c-tmnours and c-mitoses even in concentrations a little 
above 100 X niol/i, i.s*o- colchicine gives tendencies to c-initosis in 
7000 and full effect in 14000 X 10~" mol/1. The threshold is heightened 
70 to too times in the /.s*o-form. 

Levan and Ostergren (1. c.), studying the c-mitosis of several 
hydrocarbons, found that, especially within related series, the activity 
thresholds are negatively correlated to tlie water solubility of the sub- 
stances. The conclusion was drawn that the primary action on the cell 
was exserted physically and not chemically. It was stressed, however, 
that colchicine occupied an exceptional position among the c-mitotic 
substances owing to its high activity and high water solubility. 
Gavaudan, Dode and Poussel (1944), working partly on the material 
of Levan and Ostergren and partly on their own material, sharpened 
the opposition between, on one hand, colchicine and a few other readih^ 
soluble substances, and, on the other hand, the hydrocarbons and sub- 
stances of low solubility. They put the c-mitotic action in relation to 
the thermodynamic activity of the c-initotic substances. 
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This activity may be calculated with sufficient accuracy as the 
relation betw^een the active concentration and the concentration of 
saturated water solution. To Ferguson (1939) falls the merit of having 
introduced this entity in biology. By calculating the thermodynamic 
activity of certain narcotics, poisons, insecticides and bactericides he 
found that the substances generally fell into two well-defined groups: 
(l) The activity is directly correlated to physical properties of the sub- 
stances, such as solubility or vapour pressure. In this group the threshold 
seldom lies below 0,i of the water solubility, and since it cannot exceed 
1 the thermodynamic activity varies very little, although the absolute 
values of the active concentrations may vary several thousand times. 
Ferguson considered the effect of this type of substances to he of an 
unspecific, physical nature. (2) Great differences occur between activity 
threshold and water solubility. The thermodynamic activity in this 
group consequently varies a great deal; in highly soluble substances it 
is low, often of the size order of 0,ooi or less. Here Ferguson assumed 
the biological activity to be due to a more specific, chemical action. 
Ferguson pointed out the possibility and gave instances of substances 
which take an intermediate position, acting at the same time physically 
and cliemically. 

If we apply Ferguson’s ideas upon colchicine and Z50-colchicine 
some interesting features come to light. We have the following values 
(concerning the solubility of colchicine we must refer to a later paper) : 


Solubility in Activity threshold Thermodynamic 

10“° mol/1 in ld“° mol/1 activity 

colchicine ....... > 500*000 150 < 0,ooo-3 

(50-colchicine .... 50000 14 000 0,28 


It is immediately seen that colchicine and rso-colchiciiie belong to differ- 
ent types of substances: colchicine with its low thermodynamic activity 
is a typical representative of the chemically acting substances, while 
iso-colchicine with its 900 times higher thermodynamic activity belongs 
to the type of unspecifically acting substances. The most surprising result 
of the present investigation is, in fact, that such a small change in the 
colchicine molecule as the change from colchicine to iso-colchicine will 
so totally change the activity. Evidently, at least in the case of Allium, 
the specific or chemical activity of colchicine has been removed: for 
iso-colchicine there remains not much more than its physical activity. 

In the introduction we referred to studies dealing with the question 
of what part of the colchicine molecule may be responsible for its 
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activity. Thus, Brues and Cohen (1936) found that colchiceine (IV) or 
(VI) (Scheme 1) only had Vaa to V 40 of the activity of colchicine. The 
activity of N-acelyl-coIchinol (VII) was similar. Its methyl ether (VIII) 
had only V 400 of the activity of colchicine. By testing various chemical 
compounds on animal material Lettre and collaborators (1. c.) arrived 
at the conclusion that a-phenyl-/?-(p-melhoxy-phenyl)-ethylamiiie (IX) 
was the simplest »mitosis poison » of »colchicine types. By the con- 
struction of the new colchicine formula with seven-rings this conclusion 
has lost somewhat in significance. Moreover, it is now a well-known 
fact that much simpler substances with six-rings or simple aliphatic 
substances have c-mitotic activity. Osteroren (1944), for instance, 
enumerates about 80 organic substances, all of which exhibit c-initotic 
activity more or less plainly (or in some cases latently). 

What answer may be given to the question as to which group of a 
chemical compound is the active one? By studying the thermodynamic 
activity of various derivatives of a substance it may be possible to decide 
Avhat groups only participate in the unspecific physical activity and 
what groups are necessary for giving a specific chemical effect. In our 
case it turned out that colchicine on being transformed into i,so-colchi- 
cine lost its specific activity. The arrangement of keto- and inethoxyl- 
groups as in ring C of colchicine must consequently be necessary for 
its specific action on Allium roots. To what extent the other groups of 
the molecule also take part in the specific activity, and how far our 
results in Allium may he valid in other materials, will be discussed in 
a later paper of the present series, 

SUMMARY. 

Tile c-mitotic activity of LS*o-colchicinc is tested. It is found that a 
concentration of 14000 X 10 mol/1 induces full c-mitosis and c- 
tiimovu’s. 7000 X 10 inol/1 only giving tendencies to c-mitosis and no 
c- tumours. Its activity is thus about 100 times lower than that of 
colchicine. 

Ferguson’s division of substances according to their thermodynam- 
ic activity into two groups, viz. luispecifically or physically active and 
specifically or chemically active, is adapted to the present case. It is 
claimed that colchicine has a specific activity, which gets lost on its 
transformation into / 50 -colchicine, this latter acting by its physical 
activity. 

Svalof, January, 1947. 



ISO-GOLCHIGINE 


^95 


LITERATURE CITED* 

1. Barton, N., Cook, J. W. and Loudon, J. D. 1945. Colchicine and related com- 

pounds. Part V. The structure of Windaxjs’s de amino-colchinol methyl 
ether. — J. chem. Soc. (London) 1945:176 — 180. 

2. Blakeslee, a. F. 1937. Dedoiiblement du nombre de chromosomes chez les 

plantes par traitement chimiqiie. — C. R. Acad. Sci. Paris 20 5 : 476 — 470, 

3. Brues, a. M. and Cohen, A. 193G. Effects of colchicine and related substances 

on cell division. — Biochem. J. 30: 1363 — 1368. 

4. Cook, J. W. and Engel, L. L. 1940. Colchicine and related compounds. 

Part II. Synthesis of a simple analogue of N-acetylcolchinol methyl ether. 
— J. chem. Soc. (London) 1940; 198 — 200. 

5. Dewar, M. J. S. 1945 a. Structure of stipitatic acid. — Nature 155: 50—51. 

6. — 1945 b. Structure of colchicine. — Nature 155: 141 — 142. 

7. — 1945 c. Structure of colchicine. — Nature 155 : 479. 

8. Dustin, A.-P. 1934. Action de la colchicine sur le sarcome greffe, type 

Crocker, de la souris. — Bull. Acad. R. med, Belg. 14 : 487 — 505. 

9. Dustin, A.-P., Havas, L. and Lits, F. 1937. Action de la colchicine sur les 

divisions cellulaires chez les vegetaux. — ■ C. R. Ass. Anatom. Marseille. 5 pp. 
9b. Ferguson, J. 1939. The use of chemical potentials as indices of toxicity, — 
Proc. R. Soc. London, Ser. B 127 : 387 — 404. 

10. Gavaudan, P., Dode, M. et Poussel, H. 1944. La toxicologic gciierale ct la 

notion d’activite therniodynamique. — Memorial des Services chimiques de 
iTtat 31: 384— 423. 

11. Gavaudan, P. and Gavaudan, N. 1937. Modifications numeriques et morphologi- 

ques des chromosomes, induites chez les vegetaux par Taction de la col- 
chicine. — G. R. Soc. biol. 126 : 98,5 — 988. 

12. — and — . 1939. Action de Tapiol sur la caryocinese et la cytodierese chez 

qiielques phanerogames. — C. R. Acad. Sci. Paris 209:805 — 807. 

13. JoHANNY, G. and Zeisel, S. 1888. Zur Kenntniss des Golchicins. — Sitzungs- 

bcr. Kaiserl. Ak. Wissensch. (Wien). Mathem.-naturw. CL 97 : 826 — S42. 

14. Kostoff, D. 1938. Irregularities in the mitosis and polyploidy induced by col- 

chicine and acenaphthene. — G. R. Ac. Sc. U. R. S. S, 19: 197 — 199, 

15. Lettre, H., Albrecht, M. and Fernholz, H. 1941. Ein einfaches Mitosegift. 

— Natllr^Yiss. 29:390. 

16. Lettre, H. and Fernholz, H. 1943. Beilrag zur Beziehung zwischen der 

Mito.segiftwirkimg und der Konstitution von Colchicinderivaten. — Hoppe- 
Seyler’s Z. physiol. Ghemie. 2 78: 175 — 205. 

17. Levan, A. 1938. The effect of colchicine on root mitoses in Allium. — 

Heredilas XXIV; 471 — 4SG. 

IS. Levan, A. and Ostergren, G. 1943. The mechanism of c-initotic action. — 
Hereditas XXIX; 381 — 443. 

19. Meyer, K, and Reighstein, T. 1944. Synthese zweier Mcthoxymetliylen- 

phenanlhronc und ihr Vergleich mit Golchicin. — Pharm. Act. Helv. 19: 
127 — 151. 

20. SORKIN, M. 1946. Z50-Colchicin. — Helv. chim. Acta 29 : 246 — 248, 

21. WiNDAUS, A. 1924. Untersuchungen iiher die Konstitution des Golchicins. — 

J. Liebig's Ann. Ghemie 439 : 50 — 75. 



396 


ERNST STEINEGGER AND ALBERT LEVAN 


22. WiTKifs, E. R. and Bergek, G. A. 1944. Veratrine, a new polyploidy inducing 

agent. — J. Hered, 35: iso — iss. 

23. Zeisel, S. 1883, t)ber Colchiciii iind Colchicein. — Monatshefte f, Ghemie 

4: 1 <> 2 — 101 . 

24. — 1880. Dber das Colchicin. — Sitzungsber. Kaiscrl. Ak. Wissensch. (Wien). 

Mathom.’natunviss. Cl. 94 : 670 — 709 . 

25. Zeisel, S. and Stockert, K. v. 1913. Dber deii anscheiuenden Kolloidcharac- 

ter cles Golcbicins und dcssen Molekulargrossc. — Sitzungsber, Kaisorl. Ak. 
Wissensch. (Wien), Matbem.-nalurwiss. Cl. 122: 617 — 638 . 

26. CisTERGREN, G. 1944. Colchicine mitosis, chromosome contraction, narcosis 

and protein chain folding. — Hereditas XXX: 429 — 407 . 

27. OsTERGREN, G. and Levan, A. 1943. The connection between C'lnitotic activity 

and water solubility in some monocyclic compounds. — Hereditas XXIX: 
496 — 498 . 


CONTENTS, 

I. Introduction . , 385 

II. The chemical constitution of colchicine and iso-colchicine 386 

HI. The c-mitotic action of i.so-colchicine 388 

IV. Discussion 392 

Summary 394 

Literature cited 395 



SOME OBSERVATIONS ON POLLINATION 
AND FRUIT SETTING IN 
ECUADORIAN CACAO 

BY ARNE MONTZING 

INSTITUTE OF GENETICS, LUND, SWEDEN 


D uring a short stay at the Swedish Hacienda Clementina in the 
neighbourhood of Babahoyo, Ecuador, I had an opportunity to 
make some observations and experiments concerning pollination and 
fruit setting in Theobroma cacao. Four trees growing close to the 
hacienda and numbered 2, 3, 4 and 5 were used for the experiments. 
The origin of these trees is not quite clear, but they are most probably 
derived from crosses between »Cacao Nacional», the widespread native 
cacao variety of Ecuador, and trees raised from seeds imported from 
Venezuela. 

A total of 156 flowers were pollinated, 81 with pollen from the 
same tree, 75 with pollen from other trees. On account of the structure 
of the flowers, which normally prevents spontaneous self-fertilization, 
it was not necessary to emasculate the flowers. However, before 
pollination the virginity of the stigmata was controlled with the heli^ of 
a strong lens. Only flowers newly opened were used, and these were 
pollinated in the morning or some time before noon. 

Results of self-pollinations. — On trees Nos. 2, 3 and 4 all self- 
pollinated flowers were abscissed and fell to the ground before the end 
of the 3rd day. The numbers of pollinated flowers were 14, 29 and 13 
respectively. A few of these flowers, however, were used for fixation 
for embryological studies before the flowers had yet fallen. Neverthe- 
less the pollinations clearly show that these three trees are self -in- 
compatible. The fourth tree, No. 5, on the contrary, was found to be 
self-compatible. Of 13 self-pollinated flowers, wliich were allowed to 
develop up to 12 days before they were fixed, 11 showed an obvious 
fruit setting and an even and regular development. Twelve additional 
self -pollinated flowers were fixed within 3 days, before it was possible 
to decide Avhetber the pollination had been successful. However, all 
ovaries in these flowers when observed more than 24 hours after 
pollination showed an obvious swelling, indicating a positive result also 

HeretlUas XXX/If. 20 
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in these cases. Though the degree of flowering in this tree was rather 
sparse, fruit setting was unusually rich (Fig. 1), all stages of young 
fruits being represented. 

Of the self-incompatible trees especially No. 3 showed a very pro- 
fuse flowering, but evidently only a small fraction of these flowers gave 
rise to fruits. In contrast to the self-compatible tree (No. 5) young 
developing fi'uits were quite sparse. 



Fig. 1. The self-compatible tree (No, 5), showing a high degree of fruit setting. 


Results of cross pollinations. — Part of the cross pollinated flowers 
were used for fixations before the seed setting could be judged. The 
remaining flowers gave the following result: 


Gross combination Flowers abscissed 

3X5 11 

5X3 1 

3X2 12 

2X3 3 

3X4 11 


Commencing 
fruit development 

4 

3 

4 
2 
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According to these data, a commencing fruit development was 
obtained in the cross self-incompatible X self-compatible (3 X 5) and 
reciprocally (5 X 3)* The same result was obtained in one of the 
crosses self-incompatible. X self-incompatible (3X2 and 2X3), 
whereas the other cross of this kind (3X4) gave a quite negative result. 
Thus, though quite preliminary the self and cross pollinations under- 
taken are sufficient to demonstrate that the cacao trees at Clementina 
are different as regards the conditions of fertilization and fruit develop- 
ment. Further information may perhaps be obtained from an em- 
bryological study of the material fixed. This work is carried out by 
my colleague, Dr. A. Hakansson. 

The degree of spontaneous pollination, — On the self-incompatible 
tree No. 3, which flowered abundantly, aphides and ants were present 
in large numbers. In order to study the possible role of the aphides for 
pollination the frequencies of pollen grains at the styles of lousy and 
non-lousy flowers were compared. The flowers were collected at 5 
o’clock p. m., all open flowers being taken at random. Most of these 
flowers had opened in the morning of the same day, but some flowers 
were 2 or even 3 days old. After picking, the flowers were immediately 
divided into two categories, i. e. flowers with and without aphides on 
the flowers or flower-stalks. After staining over night in a mixture of 
aceto-carmine and glycerine in equal parts the styles were examined 
under the microscope. At first dry styles were used, but staining was 
found to be necessary in order to distinguish the pollen grains with 
certainty from the small papillae which occur at the style, especially 
at its basal part. 

When the styles are inclosed in the aceto-carmine-glycerine under 
pressure of the cover slips, some pollen grains are detached from the 
stigmata and swim free in the medium. In order to eliminate this 
source of error the whole slides were carefully looked through and the 
number of free pollen grains counted. 

The five stigmatal lobes of the style were often in close contact 
and pressed against each other even in flowers one day old, and in 
such cases it was sometimes difficult to decide wether the pollen grains 
were situated at the stigma or at the style below the stigma. The values 
given below represent the total number of pollen grains observed, 
whether situated at the stigma or lower down at the style. A few times 
pollen grains situated at the side of the st 5 de and even near the base 
were observed to have germinated and to have produced pollen tubes. 
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Whether tliese parts of the style are really equally conceptible as the 
stigma lobes remains to be studied. 

The observations made may be summarized as follows: 



N 11 111 her 

Number of 

Number of 

Number of 
pollen grains 
per pollinated 
style 

Number of 

C a t c g o r y 

or 

stylos 

styles with 
pollen 

pollen 

grains 

pollen grains 
per all styles 

Non-lousy flowers: 

. . 44 

14 

59 

4,2 

1,3 

Lousy » ; 

. . 58 

37 

485 

13,1 

8,4 


Of the 44 non-lousy flowers only 14 were pollinated. Of the 58 
lousy flowers, on the contrary, as many as 37 had pollen. Thus, these 
figures clearly demonstrate that the lousy flowers were better pollinated 
than the non-lousy ones. The two distributions 30 : 14 and 21 : 37 
are significantly different, a 2 ""test giving a P smaller than 0,oni. 

The pollen counts also demonstrate that the frequency of un- 
pollinated flowers is very high, and that the number of pollen grains 
at the pollinated flowers is as a rule insufficient to give fruits with a 
normal number of seed. The seed number per fruit was counted in 
four different populations of the hacienda Glenientina. One ripe fruit 
was taken at random from each tree, the number of trees examined in 
this way ranging from 43 to 75. The following result was obtained: 


N u m Ij e r of seeds per fruit 


Population 

5-10 - li 

3-20 

-25 

-30 

- c 

15 - 

40 - 45 

1 - 5 

0-55 

n 

M 

La Victoria 

2 

3 

1 

3 

8 

13 

7 

6 


43 

35,15 

St a Isabel 

. 1 2 

5 

6 

9 

15 

12 

14 

3 

1 

68 

32,80 

Sail Rafael 

. 1 1 

3 

4 

9 

5 

12 

28 

17 

5 

85 

38,60 

Nacional 

2 

6 

7 

5 

10 

17 

18 

8 

2 

75 

35,15 


Evidently the number of seeds per fruit is rather variable, the 
individual values ranging from 5 to 55 with average values from 32, so 
to 38 , 60 . The distributions in each series show a rather pronounced 
skewness, the maximum frequency class being rather close to the class 
representing the highest seed number. 

The variation in seed number per fruit may be due to three causes, 
(l) a variable number of functional ovules, (2) a variation in the 
number of ovules which are fertilized, and (3) a variation in the 
number of fertilized ovules which develop normally. The pronounced 
skewness of the curves strongly indicates that the second cause is the 
most important factor. The number of functional ovules is probably 
close to the maximal number of seeds, but if pollination is insufficient 
a variable number of these ovules will not be fertilized. 
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According to the values given above, 51 flowers (14 + 37) had 
been pollinated, the average number of pollen grains per pollinated 
style being 4,2 in the non-lousy flowers and 13, i in the lousy ones. It 
is of interest to analyse the distribution of the pollen grains on the 
different styles. The following values were obtained: 


Slide No. Number of pollen grains at the stigma or style 


1 — 


1 (lousy) 5 

2 » 8 

3 » . 3 

4 » 7 

5 (non-lousy) ... 2 

6 » ... 4 

7 » ... 2 

8 » ... 3 

Total 34 


— 10 — 15 — 20 — 

2 — 1 

1—11 

1 1 1 — 

— 1 

— 1 

1 

5 6 3 1 


— 30 . . . 70 — 80 

4 

72 

— — 1 36 

1 76 

33 
0 
0 
3 

1 — 1 224 


Of the 51 styles observed to be pollinated only one had with certainty 
I'eceived a surplus of pollen (more than 70 grains). A few of the other 
ones had also received a sufficient number of pollen grains for fruit 
development but probably not for the maximal or even the average 
number of seeds. 

Though the presence of free pollen grains, being detached from 
the styles, is a disturbing source of error the counts nevertheless de- 
monstrate that the majority of the pollinated flowers had received less 
than 5 pollen grains. This figure also includes grains not situated at 
the stigma but at other parts of the style. Such a low number of pollen 
grains may perhaps be able to start fruit development, but only in quite 
rare cases will this result in a ripe fruit. 

In cacao it is a regular phenomenon that a considerable proportion 
of the young fruits stop development a few weeks after pollination and 
die when they have reached a length of a few cm. This cherelle wilting 
seems to be a normal physiological phenomenon caused by the limited 
ability of the tree to bear fruit. 

Humphries (1941) has shown that cherelle wilt is primarily due to 
competition between pods for water and nutrients. Considering the 
present observations, which sliow that most of the pollinated styles 
receive a quite insufficient number of pollen grains, it is tempting to 
assume that chei'elle wilting is largely caused by incomplete pollination. 
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Pound (1931 a), however, tested this possibility and did not find any 
difference in the number of developing ovules in wilting and normal 
cherelles having a length of two inches. On the other hand, Pound also 
observed that in ovaries examined about 6 days after pollination some 
of the ovules had hardly grown at all. The proportion of ovules which 
fail at this time varies considerably and may reach 50 per cent or even 
higher. The number which survives presumably bears a close relation 
to the number of beans in the mature pod. Pound points out that the 
ovules which fail do so either because they have not been fertilized or 
because the union is such that the resulting zygote dies. Pound (1931 b) 
also found a marked variation in bean number in mature pods. In 
Pound’s material the frequency curves of bean number per pod also 
showed a marked asymmetry, the deviations below the modal number 
being far more numerous than those above. This suggested incomplete 
development of potential seeds and led to enquiry into the variability 
of ovule number per ovary. This number was found to be much less 
variable and on an average higher than the bean number per pod. This 
result is evidently in perfect agreement with the conclusion drawn from 
my own observations, viz. that the variation in bean number is largely 
due to incomplete pollination. A contributing cause may be inviability 
of certain zygotic combinations. The latter possibility might occur if a 
flower happens to be pollinated with a mixture of pollen, part of which 
gives compatible zygotic combinations, the other part incompatible 
combinations. 

The whole question of seed setting and cherelle wilting in cacao 
must be considered in the light of similar problems in orchard plants. 
A review of the observations gathered on the causes of fruit dropping 
in apples, pears, plums and other orchard plants is given by Brink and 
Cooper (1941) in a paper on incomplete seed failure as a result of 
somatoplastic sterility. In this review it is pointed out that in some 
cases at least the first fruit-drops represent fruits with unpollinated 
ovules, the later drops fruits in which embryo development has ceased 
or is abnormal. Brink and Cooper point out that this failure probably 
represents cases of somatoplastic sterility, i. e. a disturbed balance be- 
tween the endosperm and the maternal tissues. 

That aphides contribute to the pollination of the cacao flowers 
has already been shown by Harland (1925) and Stahel (1928), who 
observed the amount of pod setting in the presence or absence of various 
insects. Stahel concludes that pollination is accomplished by ants 
which tend the aphides and also, apparently, by various small flying 
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insects, since wind pollination apparently does not occur. Posnette 
(1944) reviews the whole problem of cacao pollination, especially with 
reference to the conditions in Trinidad. According to this author, .the 
most important contribution to the extensive literature on the pollination 
of cacao flowers was made by Billes (1941) when he drew attention to 
the Ceratopogonid midge, Forcipamyia sp. Subsequent investigation 
has shown that this insect is probably the most important pollinator and 
therefore directly responsible for the bulk of the cacao crop in Trinidad. 

At the hacienda Clementina in Ecuador I did not observe any 
larger flying insects in the cacao flowers than thrips. The results 
described above demonstrate that the aphides, directly or indirectly, 
through the action of the accompanying ants, contribute to the 
pollination. This pollination is probably of value for the self-compatible 
trees and may help to increase the amount of seed setting in such 
individuals as are now known also to occur in Ecuadorian cacao 
populations. For seed setting in the self-incompatible trees, on the 
contrary, the aphides are probably of no value, unless the tending ants 
occasionally run from one tree to another. 

The problem of self-incompatibility in cacao is especially interesting 
from a theoretical point of view, as incompatibility in this species is not 
due to a checked pollen tube growth but to a disturbed development 
after fertilization. Another problem is represented by the fact that in 
Trinidad self-incompatible trees are also incompatible with each other 
and only set seed when receiving pollen from a self-compatible tree. 
In other parts of South America, especially the Amazon region, self- 
incompatible trees may be compatible with each other. Gradations in 
the degree of compatibility and incompatibility have also been observed. 
Incompatibility seems to be more pronounced between individuals 
within a population than between individuals belonging to different 
populations. All these facts have chiefly been worked out by the cacao 
specialists at the Imperial College of Tropical Agriculture, Trinidad, 
British W. I., and the literature on this problem is already extensive. 
References to the various publications on this subject by Pound, 
VoELCKER, Cope, Posnette and others are given in a recent paper by 
Posnette (1945). This paper is also of special interest as it deals with 
pollination results obtained with Amazon material, including material 
introduced from Ecuador. All plants of the latter kind were found to 
be self-incompatible, but some combinations between self -incompatibles 
gave a positive result whereas other combinations failed. The Ecuador- 
ian types were similar in this respect to the other material from the 
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Amazon region and difi’ered from the Trinitario cacao, in which self- 
incompatibles cannot intercross successfully. 

In my own crosses similar results were obtained, apparently not 
all self-incompatible trees being incompatible with each other. In con- 
trast to the Ecuadorian types studied by Posnette my own material 
also included a self-fertile tree. Such trees are highly important not 
only for the seed setting of the self-incompatible trees hut also on 
account of their yield, which, on an average, is higher than the yield 
of self-incompatible trees. Now that the breeding of new disease- 
resistant and high-yielding cacao varieties must be based on clonal 
reproduction (cf. Gheesman, 1946), it is necessary to have a detailed 
knowledge of the conditions of fruit setting in these clones. More basic 
research is evidently needed before the conditions of pollination and 
seed production in cacao can be fully understood and controlled. 


LITERATURE CITED. 

1. Billes, D. J. 1941. PoUmation of Theobroma cacao L. in Trinidad, B. W. 1. 

— Trop- Agriculture, Vol. XVIII, No. 8, p. IDI and MSS. Dissertation in 
the Library of L G. T. A., Trinidad. 

2. Brink, R. A. and Cooper, D. G. 1941. Incomplete seed failure as a result of 

somatoplastic sterility. — Genetics 26, pp, 487 — ^505. 

3. Gheesman, E. E. 1946. The utilisation, and future of clonal cacao. — Trop. 

Agriculture, Vol. XXIII, No. 5, pp. 8a~88. 

4. Harland, S. C. 1925. Studies in cacao. Part 1. The method of pollination, 

— Ann. App. Biol. 12, pp. 403 — 419. 

5. Humphries, E. C. 1941. Progress report on ^Studies in the phy.siology of 

Theobroma cacuo, with sx^ecial reference to cherelle \vilt». — Tenth Ann. 
Report on Cacao Res., Trinidad, 1940, i)p. 12 — 22. 

6. Posnette, A. F. 1944. Pollination of cacao in Trinidad. — Trop. Agriculture, 

Vol. XXI, No. 6, pp. 115 — 118. 

7. — 1945. Incompatibility in Amazon cacao. — Trop. AgricuUiire, Vol. XXII, 

No. 10, pp. 184 — 187. 

8. Pound, F. J. 1931 a. Studies of fnntfulness in cacao. — First Ann. Report on 

Cacao Res., Trinidad, 1930, pp. 24 — 28. 

9. — 1931 b. The genetic constitution of the cacao crop. — First Ann. Report 

on Cacao Res., Trinidad, 1930, pp. 10 — 24. 

10. Stahel, G. 1938. Beitriige zur Kenntnis der Blutenbiologie von Kakao. — 
Verhandl. Koninkl, Akad. Wetensch,, Amsterdam, Afdeeling Natiiurkunde 
25, pp. 1— 2o. 



STUDIES ON LINKAGE RELATIONS OF 
THE Cy FACTORS IN PISUM 

BY ROBERT LAMM 

THE STATE HORTICULTURAL RESEARCH STATION, ALNARP, AKARP, SWEDEN 


INTRODUCTION* 

B esides the major factor for long internodes in Pisiim saiivum L. 

a number of modifiers are known. Among these the author 
(Lamm, 1937) has especially studied the polygenic factors Ci/i and Ct/o. 
The Cl/ factors are suppressors, which as dominant to a certain degree 
inhibit the growth in length of the internodes of dwarf peas, i. e. peas 
recessive for le. Of Ci/i only one recessive allele is known, whereas the 
locus Ci/j appears to carry the two mutant genes cz/o^ and cz/o®. Plants 
of the genotype le le cy^ci/i cy 0^01/2^ are phenotypically so-called crypto- 
dwarfs, which more especially at the juvenile stage have longer 
internodes than the common dwarfs. In the slender type [le le cy->xyi 
cy 2 ^cij 2 ^) the internodal length at any stage is much more elongated 
than in common dwarfs and crypto-dwarfs. More complete descriptions 
of these types have been given by Rasmusson (1927) and de Haan 
(1927, 1930). In the literature the following symbols have been used 
for the Cy factors. 


Rasmusson 

DE Haan 

Lamm 

V. Rosen 

1927 

1927, 1930 

1937 

1944 

Criji 

La 

Qyi 

— 

cryi 

la 

cyi 

— ■ 

Cri/y 

Lb 


— 

cry. 

— 


— 

— 

lb 

cy2^ 

Ib^ 


The paper of Rasmusson mentioned above was published somewhat 
earlier in 1927 than that of de Haan. In order to co-ordinate the 
symbols for this group of length factors I decided (Lamm, 1937) to call 
them y>cy» with indices. The scope of my recent work has been to 
find out their linkage relations. 1 have also tried to find evidence for 
the correctness of de Haan’s suggestion of the possible existence of a 
duplication in Pisuin Haan, 1932), 
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MATERIAL* 

Accurale iolormation a.s to the origin and genotype of the pure 
lines used in Pisum investigations are highly desirable. Since structural 
hybridity is probably not rare, it might be of importance to know the 
relations between the lines used by various authors. A survey of the 
lines used for the present investigation is given in Table 1. 

RESULTS OF CROSSES AND THEIR STATISTICAL 

ANALYSIS* 

In order to study the linkage relations of the Cy factors a number 
of crosses have been performed. Table 2 gives a survey of the bi- 
factorial segregation numbers collected from Fo counts employed in 
the linkage studies. The five first columns of this table contain some 
general infoi'ination such as the parental lines, the factors concerned, 
the phase of crossing (C — coupling, R = repulsion), and the percentage 
of seed germinated. In this connection it should be added that the pollen- 
fertility of the plants has regularly been investigated. No case of 
total or partial male sterility has been detected. In the next five 
columns of Table 2 the total number of plants and the observed number 
of plants of different categories per sixteen are given. If desired, the 
reader may thus readily compute the absolute number of plants of 
variojis categories and also recalculate the analysis given in the 
following columns of the table. This analysis has been performed 
in accordance with methods given by Mather (1938, Chapter IV). In 
cases of significant single factor deviation, xT linkage has been com- 
puted according to the special formula given by Mather, 1938, p. 89. 
The heterogeneily between crosses and reciprocals has also been com- 
puted. With but one exception no significant heterogeneity has been 
revealed, and therefore values for heterogeneity have not been given 
in Table 2. Significance has been marked with asterisks, one, two and 
three asterisks corresponding to respectively P = O,05 — 0,(n, P = 0,oi — 
0 ,ooi and P < 0,001. Having detected the presence of linkage for two 
genes further estimations have been made according to the method of 
maximum likelihood (cf. Mather, 1938, Chapter V). 

THE LINKAGE RELATIONS OF Cy,. 

The linkage between Cy^ and St has been studied in the crosses 
43/1, 43/2 and 43/6 of Table 2. for linkage is highly significant. In 
case of absolute linkage these crosses performed in the repulsion phase 
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The pure lines from which ihe crosses in question, have been obtained are given within the parenlhesis. These pure lines ca 
be found in the first column of ihe table. The names of the makers of these crosses are given in the column headed sOrigi 
and references ». 



TABLE 2. Fs analysis of bifactorial crosses. 
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would give the segregation 2 : 1 : 1 : 0. The analysis actually shows 
a very good agreement with this assumption, and the following non- 
significant values, each having two degrees of freedom, have been 
obtained: x foi' deviation from expectation = 3, sisi; for differences be- 
tween reciprocals — 2 , 2370 and for heterogeneity between crosses = 2 , 3747 . 
In this case of strong linkage detected in repulsion crosses it would, 
however, be unwise not to extend the analysis to the 

For the F- analysis seed was taken from the dwarf Fo plants with 
normal stipules (category AB of Table 2 ). Slender F 2 plants were less 
suitable because of a somewhat reduced seed setting. As shown in 
Table 3, no fewer than 374 F.j families were investigated. In order to 
save space the maximum number of seed sown per family was restricted 
to 60. Altogether 59 families, each giving less than 16 plants, were 
rejected from the calculations. With this restriction of family size 
misleading results due to faulty classification should not occur in more 
than one per cent of cases (cf. Mather, 1938, pp. 26 — 27) provided 
absolute linkage and non-disturbed segregations also characterized 
these families. In these remaining 315 families of more than sixteen 
plants germination varied between 27 and 100 per cent, and was 
especially low in the F 3 progenies of the cross No. 43/6. These circum- 
stances have also been taken into consideration. Obviously segregation 
values must be cautiously judged in case of bad germination, since there 
may exist correlation between the germinability and the occurrence of 
certain of the segregating genotypes. The 2:1:1 segregating F;. 
families (category »m» of Table 3) were chosen for such an invest- 
igation, the result of which has been given in the analysis following 
Table 3. 

TABLE 3. Investigation of Fa families derived from Fj plants of 


the AB type. 


i 

j S3^mhols 

i genotype 

Nos. 

i 

Cij^St 
)) » 

of fam. (> 16) classified 
the categories below 

j A: ^ 

Cy,Si Cij.St Cy,St 

etj^ )) » st Clj^st 

into 

m 

Ci/iS/ 

cUiSl 

Sum 

n 

Not 

classified 
(< 16) 

i 

Total 

No. of 

fam. 

Cross No. 43/1 ... 

! _ 

2 

1 



T2 

i 75 

2 

77 

» )) 43/2... 



3 

2 

1 

63 

69 i 

4 

73 

» » 43/6... 

— 

4 

4 


163 : 

i 171 1 

53 ; 

221 

Observed total 



9 

7 

1 

298 

315 

59 

i 371 1 

Exp, p ~ 0,0282 1 

0,1 

8 ,g 

8,0 

0,3 

297,4 

! 315,0 1 


i 



410 


BOBEUT LAMM 


Aiialysis of certain possible correlations in the »m» families of 
Table 3, — These families are characterized by 2:1:1 segregation into 
plants of the types AB, Ah and aB. 


Cross No. 

-ta/i 

43/2 

43/(i 

Nos. of families 

72 

63 

163 

Mean number of plants per family . . . 

4:2,(i 

50,5 

34,5 

Average percentage of germination . . . 

72,1 

86,5 

59,0 

» » » Cf/i si plants . . 

20,8 

25,0 

24,1 

» » cij 1 Si » 

24,12 

24,1 

26,8 

Correlation coeff. (r) between: 
fc germinated and % Ctj^ st 

. — 0,192 

— 0,010 

+ 0,147 

» » )) ciji St 

. 0,140 

+ 0,133 

0,087 


None of these correlation coefficients are significant. 


The above analysis indicates that in spite of the relatively poor 
germination the risk of nii.sleading classification of the Fa families is 
probably fairly small. The occurrence of families of the categories /, 
k and I in Table 3 shows that the linkage between C'lji and Sf is not 
absolute. The ratio between such 3 : 1 segregating families and the 
2:1:1 segregating families of the m category has been analysed by 
the method, with the result that no heterogeneity between crosses 
could be detected (%' for heterogeneity = 1,93). For the estimation of 
the linkage between Ci/i and St I have therefore used the observed totals 
of Table 3, The method of maximum likelihood has also been applied 
here (cf. Mather, 1936). Combination of the Fo and Fa data discussed 
in the pages just cited has been avoided, since the present case is that of a 
recombination value from a close repulsion Fu (cf. Mather, 1935, p.40l). 

The recombination fraction p is given by maximizing the logarithm 
of the likelihood expression 


dL . 

5?='‘“e-2+?- 


(J + A-) log + I log 5^, - 

^ P ^ -~r P 


m 


2(1 -p-f 

2 + p= ’ 


which gives 

2(2i -f / + ii: + 2/) — 42ip — (j 4- A- + 2m}p~ — 0. 


Inserting the total values ifor i, j, k, 1, m and n of Table 3, the 
solution of the above equation gives p = 0,0282. The standard error of 
p is obtained from the expression 


sp = 



P )(2 4 - p 5 ^ 

f 2p-p^) 


rh O,ooc 508 . 
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The crossing-over value between Cz/i arid St lias thus been estimated 
at 2,82 + 0,65 per cent. 

It is now easy to calculate the expected segregation of the 781 Fo 
plants representing the totals for crosses Nos. 43/l, 43/2 and 43/6 of 
Table 2. A comparison between expected and observed is given below. 


(Categories AB Ah aB ah ii 

ObservecJ 374 218 189 0 781 

Expected (p = 0,0282) 390,7 195, i 195, t 0,2 781, i 


jr for deviation (categories aB and ab being pooled) amounts to 
the non-significant value 3,605. 

Table 3 shows that 298 families of the 2:1:1 segregating category 
»m» have been investigated. These families were represented by no 
fewer than 11874 plants. It seems perhaps astonishing that not a single 
slender plant with reduced stipules {ciji st) has been observed among 
these plants. To answer this question we may calculate the minimum 
size of family required in order to obtain at least one individual of that 
category. Applying the detailed instructions given by Mather 11938, 
pp, 26 — 29) with the maximum error 1 : 100 such a family should com- 
prise about 22400 plants. If for some reasons crosses for the detection 
of linkage can only be made in the repulsion phase, the inference of 
absolute linkage must obviously be drawn with the greatest caution. 

In his extensive investigations of linkage relations in Pisiim Lam- 
PRECHT (1946) found the average linkage, value 27 per cent between 
B and St. Cross No. 42/3 of Table 2 shows that there is also, as should 
be expected, linkage between Cz/i and B. The percentage of crossing- 
over amounls to 33,9 ± 7,io. Because of the high standard errors, the 
sequence of the genes Ci/i — St — B cannot be told with accuracy. Now 
plants are available, however, making it possible to perform new tests 
in the coupling phase. 


Gross No. 42/3 was made beUveeii line No. 25 c and line No. 15. The complete 
Fj segregation is given in the survey below, where the expected segregations as 
regards inlernodai length and flower colour are also inserted. 

Dwarf Crypto-dwarf Slender 'I’otal Expected (9:3:4) 


Red 82 19 7 108 123,75 

Pink 39 2 2 43 41,25 

White 54 11 4 69 55,00 

Total 175 32 13 220 ~ 

Expected (12 ;3 : 1) 165,00 41,25 13,75 — 220,00 
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In neither ease is the deviation from expeclalioii sigiiificanl ('/- = 5,643 and 2,721 
respectively). For (he estimation of the linkage between Ctji and B crypto-dwarf 
and slender plants have been pooled and white plants have been excluded. The data 
concerning cross No. 42/3 thus obtained are given in Table 2. 


THE LINKAGE RELATIONS OF Cy,. 

DE Ha AN (1927, 1930) found absolute linkage between the length 
factor Lb (similar to Ct/o) and a factor W for the production and dis- 
tribution ot bloom. The recessive alleles of these factors, were introduced 
into his crosses by Ihe pure line No. 6. Now this line has further been 
reciprocally crossed by the author with line No. 40 a, which is recessive 
for Ihc Ivnown wax-factor Wa, The Fi and Fo of these crosses were 
constantly emerald (non-waxy). The number of Fo plants investigated 
was 147 in the cross No. 39/5 between lines Nos. 6 X 40 a and 463 in 
the reciprocal cross No. 39/6. The germinability was in both cases good, 
being 91 and 95 per cent respectively. These results show that the 
wax-factor of line No. 6 is identical with wa. 

Provided the plants are dominant for the basic wax-gene Bl a necessary con- 
dition for the normal glaucous covering of their green parts is dominance in either 
Wa, Wb or in both of them (Weli.ensiek, 1928). This author has shown that 
recessivily of these genes results in a more or less complete reduction of the bloom, 
giving plants of emerald type. Of either gene Wellensiek claims to have found 
three mulliplc allelomorphs. His descriptions of the different genotypes are un- 
fortiiiialely somewhat incomplete, as pointed out by Lamprecht (1939), who gives 
good descriptions for the distribution of wax characterizing the plants of his 
own lines. 

As regards the symbols for these wax-genes, 1 liave followed the modifications 
introduced by Nilsson (1933), which have also been adopted by Lamprecht (1939). 
In the present investigation no attempts have been made to distinguish between the 
recessive allelomorphs within the Wa- and W5-series. Line No. C as well as line 
No. 40 a were characterized by slightly glaucous stems in contrast to the non-waxy 
stipules and pods. The leaflets of the former line appeared to be more glaucous 
than those of the latter. Wellensiek (1928), however, points out that the amount 
of wax on the foliage does not demonstrate typical differences. In a cross between 
line No. 40 a and line No. 42 a beautiful 9 ; 7 segregation was obtained with respect 
to the presence of bloom. This cross was made in order to control the genotype 
of the former line, and it verified a similar result earlier obtained by Nilsson 
(1933, p. 220). Line No. 42 was also crossed with line No. 5. As expected, the Fl 
\vas glaucous and the segregated into glaucous and emerald. Unfortunately the 
proportions %vere not determined. 

As mentioned earlier, de Haan considered the linkage between Ci/o 
and the wax-factor, now known to be Wa, to be absolute. The results 
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of Ihe particular crosses upon which this conclusion was based are 
given ill Table 4, where a control cross made by the aulhor is also 
inserted. In case of free combination the four categories of this table 
would have occurred in the ratio 45 : 15 : 3 : 1* The observed segreg- 
ations are, however, in accordance with that expected for absolute 
linkage, i. e. 48 : 12 : 0 : 4 with the exception of the results obtained by 
DE Haan (1927), where excess of dwarf, emerald plants contributes to a 
significant In spite of this, neither the total deviation nor the hetero- 
geneity is significant. In this connection it is perhaps of some interest 


TABLE 4. Fo analysis of crosses between line 6 and 3. 

(CAjiCys^wa X cy^Cy.Wa,] 


1 

1 Results obtained 

i by 

Number of plants classified as: 
dwarf dwarf slender slender 

glaucous emerald glaucous emerald 

Total 

No. of 
plaiit.s 

for 

dev. 

1 DE Haax, 1927 

423 

137 



39 

599 

7,026^^ 

o 

CO 

5426 

1417 

— 

439 

7282 ' 

2,7.'i4 

Lamm, 1942 

320 

79 

— 

21 

420 


Total observed 

6169 

1633 

— 

499 

;8301 i 


j Ex]). 48:12:0: 4 (p ~ 0) 

6225,8 

1556,4 


518, « 

j8301,o j 

1 

/- for deviation 

» » betero^ 

0,017 

3,7(50 

— 

0,7.-, 7 

1 1 

1 1 

5,040 

5,870 

Exp. 0,01 na 

6205,a 

1576,11 

20,44 

498,4 

'8301,0 1 


/- for deviation 

0,212 

1,007 

20,440 

0,001 

j 

22,650*** 


to point out that in progenies segregating for Wb the recessives, accord- 
ing to V. Rosen (1944, p. 272), are in excess. 

The linkage between Cy^ and Wa has also been studied in cross 
No. 40/7 (of Table 2) performed between the slender line 13 b and the 
dwarf line No. 1. This slender line in turn has been extracted from the 
progeny of a cross between lines 9 a and 6. The recessives are tlius of 
the same origin as in the crosses of de Haan, though the genotypical 
background is different. Quite against the assumption of absolute 
linkage three recombination plants appeared among 157 Fi> plants. The 
crossing-over percentage as determined by the method of maximum 
likelihood amounts to 1,99 + l,i3. The two bottom rows of Table 4 
show that the results of cross No. 40/7 are significantly different from 
the cases of seemingly absolute linkage previously discussed. If this 
disagreement is due to real differences in the frequencies of crossing- 
over (i. e. genetically changed linkage values) or if they are caused by 
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differences in the viability of certain genotypes or other circumstances 
cannot be determined from the present investigations. Anyhow, the 
earlier assumption of absolute linkage between Cp 2 and Wa must not be 
generalized. 

In this connection it should also be pointed out that the description of the 
slender phenotype given by DE Haan (1930) in certain details is only valid for his 
own lines. This author observed a rather reduced fertilit 3 ^ with regard to the seed 
content of the pods. Frequently, seedless pods were formed. Among slender lines 
of other origin, e. g. among those which I obtained from Nilsson (cf. Lamm, 1937), 
seed setting was much more abundant although still reduced as compared willi 
normal dwarfs. It does not seem quite impossible that there might be an interaction 
between the viability of certain genotypes and the degree of seed setting. 

Ill my earlier paper (Lamm, 1937) I suggested that Cy- was linked 
with Wlo (for the description of this gene, see Nilsson, 1933), Un- 
fortunately this was definitely a mistake due to insufficient knowledge 
of the material at that time. The slender plants were studied at a 
rather young stage, and their relatively tender leaflets were misclassified 
as belonging to the wlo type. More recent studies have shown that 
there is no indication of linkage between Ci/o and Wlo or Wa and Wlo, 
as can be seen from cross Nos. 37/17 and 38/4 of Table 2. 

In Ihe Fa progeny of the cross hist mentioned an unexpected segregation of 
the length of the young plants was observed- The same phenomenon of an un- 
expected length segregation has been noted in crosses between lines 6 and 18. That 
other factors than Cyi and Cr /2 also modify the length of dwarf peas is known from 
the investigations of DE Haan (1930) and Rasmusson (1938). 

Rasmusson (1927) and de Haan (1927, 1930) have shown in- 
dependent segregation between Ci/o and the two length factors Ciji and 
Le, Wellensiek (1928) states that there is no linkage between Wa, 
Wb, i? and L Since there is strong linkage between Ci/o and Wa, the 
former factor cannot be coupled with any one of the three factors last 
mentioned. With respect to R and I the crosses Nos. 33/34 and 33/54 
of Table 2 further support this statement. As regards the cross No. 
33/34 segregating into 12 dwarf : 3 crypto-dwarf : 1 slender the linkage 
relations were determined within the two categories last mentioned. 

In studies of small progenies v. Rosen (1944, p. 300) found in- 
dications of independent segregation between and the genes D, M 
and A, whereas a possible linkage of 42 per cent might exist between 
Cya and Td. He strongly points out that this rather unsure linkage 
relation must not be taken for granted. The crosses 33/7, 33/9, 37/18 
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and 37/19 of Table 2 are all concerned with the linkage relation between 
Cyn and A. A significant heterogeneity (%' — 5,ofio) has been found be- 
tween the second factor segregation of the crosses Nos. 33/7 and 33/9. 
Estimations based on the totals of these two crosses therefore have 
little value and perhaps ought to have been omitted from the table. 
In the cross 37/19 there is a slight indication of linkage between Cy-i 
and A, but there is no significance, and niy own results together with 
those obtained by v. Rosen (1944) support the statement of independent 
segregation. 

In 15 : 1 segregating crosses with respect to dwarf and slender or crypto-dwarf, 
which crosses were at Uie same time heterozygous for A, the proportion of red ; 
white among the crypto-dwarf and slender plants was 50 : 19. The expected pro- 
portion in case of independent segregation between C 1/2 and A is 51,75 : 17,25. 

Td by Lamprecht (1945) was localized to a linkage group of 
the constitution — 15 % — Z ~ — 18 ?o — Fa — 28 % — Td. If v. Rosen’s 
suggestion of a linkage between Cy^ and Td corresponding to 42 per 
cent crossing-over is true, the former gene if situated to the left of Td 
must show linkage with N. The crosses 42/11, 42/15 and 40/5 of 
Table 2 refute this assumption. Two of these crosses are characterized 
by bad single factor segregations, but in spite of this the statement 
of independent segregation between Cy^ and N seems to be valid. On 
the other hand, should C 1 J 2 happen to be situated to the right of Td the 
possible linkage between these two genes is still an open question. 

The last but most interesting linkage relation to be discussed is 
that between Wa and Gp investigated by means of the two small pro- 
genies of the crosses 44/79 and 44/84 of Table 2. Unfortunately the 
germination power of the seed was bad, which contributes to the in- 
security of the results. There is no heterogeneity between the two 
crosses. The single factor segregations of their totals are good, whereas. 

for linkage is somewhat high but not at all significant. In spite of 
this, linkage lias been calculated by the method of maximum likelihood. 
The crossing-over value for the total of the two crosses thus obtained 
amounts to 39,?) + 5,92 per cent. 

I also tried to get a yellow-podded slender line in order to be able to lest the 
linkage between Cijz and Gp in the coupling phase by crossing line No, 44 with the 
slender line No. 14 b. DE Haan (1930) in crosses between high and slender obtained 
the segregation 45 high : 15 dwarf : 4 slender. Of cross No. 41/5 (line 44 X 14 b) 
343 Fs seeds were obtained, while 345 seeds resulted from the reciprocal cross 
No. 41/6. These seeds were sown, and respectively 21 and 14 slender plants were 
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obtained, all oi‘ which were rather weak and did nol produce pods. The progeiiie,s 
also contained high and dwarf plants. This at present inexplicable behaviour of the 
exceptionally slender plants seems worthy of mention in thi.s connection. 

Future invesLigaUons of the possible linkuge between Ci/o and the 
genes of the Gp group are, however, very much needed. P"'or if the 
crossing-over value of about 40 per cent obtained between W(i and Gp 
should turn out to be true, this would be attended by some interesting 
consequences, which will be discussed in the following chapter. The 
author, however, is anxious that the linkage suggested should not be 
taken for granted until new facts are available. The linkage of Cpa 
is thus still an open question. 

DISCUSSION* 

As mentioned in the iiiLrodtiction, i have tried to prove the existence 
of a duplication in Pisum. If a number of different polygenic (15 : 1 
segregating) pairs of genes were distributed between two structurally 
and genetically similar linkage segments situated in two non-homologous 
chromosomes, this would be a strong indication of duplication. Genes 
that might be involved are, for instance, Cip and Cij 2 , F and Fs (cf. 
WiNGE, 1936; Lamprecht, 1946) as well as Emi and Em^ (de Haan, 
1932). In such an investigation 9 ;7 segregating genes, e, g. Wa and 
Wb or P and V, should also be taken into consideration, since there is 
no fundamental differences between duplicate and complementary genes 
(cf. Eyster, 1934, pp, 311 — 312). The possibility of a gradual divergence 
ill the course of evolution between originally identical genes distributed 
over different members of a repeat (cf. White, 1945, p. 48) should also 
be accounted for, and an absolutely similar effect of the corresponding 
genes could not be expected. 

It is very likely that Ciji is situated between F and St. I(‘ the 
assumption of about 40 per cent crossing-over between Wa and Gp 
should turn ouf to be true, Gg^ would probably be situated in the neigh- 
bourhood of Fs. According to Lamprecht (1942 a), Gp belongs to a 
linkage group of the constitution Gp — 3,2 % — Cp — 32,2 % — Fs — < 1 % 
— Ast, the percentage of crossing-over between Gp and Fs being 37, i. 
A duplication with segments containing respectively F Cyi and Fs Cij^ 
would then most probably exist. 

Lamprecht (1946) from quite different suppositions postulales the 
existence of small homologous segments in these previously discussed 
regions of non-homologous chromosomes. In a lecture at the Mendelian 
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Society, in Lund, in the autumn of 1944 Nilsson (unpubl.) reported 
that he had detected linkage between a point of translocation and the 
genes St B in lines originating from the variety Extra Bapid. Lamprecht 
(1946) has been able to locate the point of translocation to the segment 
between F and St of the B chromosome and Fs and Ast of the Gp 
chromosome. The translocation studied by him is most probably 
identical with that investigated by Nilsson. Lamprecht further suggests 
that the appearance of semisterile plants, such as frequently occur in 
Pisum, are due to crossing-over between small homologous segments 
of non-homologous chromosomes. He also claims that the well-known 
figure of eight in Pisiim (Sansome, 1932) supports this duplication 
hypothesis. It should be pointed out that Sansome himself is aware 
that this explanation is an alternative to the one generally accepted. A 
circumstance of interest in this connection is that the so-called interstitial 
segment in the figure of eight must be of considerable length and even 
allow of two chiasmata being formed (Sansome, 1932). Anyhow, it 
would be of interest to determine the genes concerned. 

Provided Cr /2 is really situated in the way suggested a lot of interesting 
proJ 3 lems will arise. We have not far to look for an explanation of genetically 
changed linkage values between Cijs and Wa in a possible inversion of the Cj/a — Fs 
region. The relations between the Lc and Ld factors described by DE Haan (1930) 
and the Cy factors ought to be thoroughly studied. If new members of the Cij 
polygenes should thereby be detected, this might be of importance with respect to 
the duplication hypothesis. Further, it should be of interest to investigate the 
reasons that Ci/t and F are only represented by two alleles while three multiple 
allelomorphs are known of Cijs (Lamm, 1937), Wa (Wellensiek, 1928) and Fs 
(Lamprecht, 1942). Td, according to Lamprecht (1945), is also probably repre- 
sented by three allelomorphs. As, however, the position of Cj /2 is not definitely 
determined, these speculations are perhaps idle, and are mainly presented in order 
to emphasize the possible importance of future investigations. 

The behaviour of the Ci/ factors is also interesting from the point 
of view of variation and selection of polygenic characters. I have the 
impression that dwarfs dominant for either Ci/i or C ^2 are most com- 
mon, which is in line with the theories of -pjolygenic inhefitance given 
by Mather (1941). Exact studies of these conditions would, however, 
be rather difticnlt and tedious. 


I wish to express my gratitude to the. Stale Horticultural Research 
Station at Alnarp for granting me the loan of experimental grounds and 
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of manual help, and address these thanks to the Head of the Institute, 
Professor F. Nilsson. I am also indebted to several colleagues mentioned 
in this paper for supplying me with material. To many other persons 
I also wish to express 1113^ thanks for valuable assistance and help in 
various ^vl\ys. 


SUMMARY. 

In the present investigation of the linkage relations of the Cy 
factors in Pisum sativum the following main results have been obtained. 

(1) The length factor Cpi is closely linked with St. 

(2) The length factor Cyn is closely linked with VVa. It gives in- 
dependent segregation with A, Cy^ D, Z, Le, N, Wb and Wlo but may 
perhaps belong to the Gp group. 

( 3 ) If Cyj and Gp are coupled in the way assumed in this paper, 
this would indicate that Pisum sativum has a duplication. This must 
not, however, be taken for granted until actually^ proved. 
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Gudmund Smith: Psychological tests with twins. 

On a material of 16 uniovular and 10 binovular pairs of twins of ages 
between 9 and 44 years (Smith, 1946) a series of tests was performed to 
deteriiiiiie how a given objective environment is undergone and moulded by 
different individuals. Gould it be expected that the subjective — and at the 
same time the significant objective — environment would be the same for all 
when the objective environment was the same? If this was not the case, would 
the subjective environments then show more agreements in individuals 
possessing similar hereditary factors tlian in those having different factors? 
As the answering of these questions required a rather intimate knowledge of 
the persons being tested, the characterological structure of these was deter- 
mined by means of casuistic studies , as well as modified Wartegg tests 
(Wautegg, 1929). 

Ill the first section of the test-series the objective environment consisted 
of a number of incomplete pictures, sketched or coloured, which the individuals 
under test were asked to interpret. In the second section it consisted of a 
puzzle with 13 combination possibilities which the subject had to set up in the 
way he thought most natural. The pictures were taken from O. MOlleii 
(1929) and Weie (1929), the idea of the puzzle from G. H. Fischer (1944). 
In many respects the results show so great a variation that the first question 
can be answered straightaway: each individual selects or forms an individual 
environment out of the given objective environment. 

On comparison of uniovular with binovular twins it was observed that 
the former agreed more often in their subjective environment than the latter. 
The interpretations and combinations made by uniovular twins were at times 
even almost identical. The agreement between them, however, was not found 
throughout the whole material. Four of the 16 pairs showed distinct dis- 
cordance in the interpretation tests. In certain details of the picture material 
all the pairs of twins displayed concordance. But there, the inter-individual 
variation ceased, and hence no twin discordance is to he expected. 

A close analysis of the results shows that the environmental discordance 
is not an accidental one but corresponds to a discordance in characterological 
structure. This applies not least of all to uniovular twins, whose individual 
choice of environment in the tests often appeared as divergences of interest in 
their natural emironment. The question of the ultimate causes of this differ- 
ence in character pattern — and consequently in environment and develop- 
ment — cannot j^et be definitely answered. The working hypothesis must for 
the present be that a small difference in character — perhaps already induced 
by intra-uterine influences of environment, or by something else — produces 
an environmental discordance, which accentuates the difference in character 
and so on to a constantly increasing extent; as years pass only few pairs retain 
all their original similarity. 

A comparison between various test-results within the pairs is also of 
interest. The discordance disclosed in the interpretation test by a uniovular 
pair need not be repeated in the combination test. Discordance may appear 
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or not, according to the aspect chosen for study and the olijective environmenl 
into which the pair is introduced. Moreover, all uniovular twins do not show 

— as is evident from the above — the same differences, such being found to 
vary with each tested pair. 

Some of the statements made on the strength of these test -re suits may 
seem rather self-evident, viz. that the discordance between uniovular twins 
varies from pair to pair and that different twins obtain dissimilar personal 
and, as we calculate, significant objective environments. There are, however, 
many scientists who are more or less unwilling to take such everyday ob- 
servations into due consideration. Both Bouterwek (1935) and Eckle (1939) 

— the latter more cautiously — generalize discordance in character under the 
antithesis »firm — loose ». And those engaged in the mathematical calculation 
of the influence of hereditary and environmental factors upon variation often 
assume the same middle environmental difference for uniovular as well as 
binoviilar pairs. This material shows indeed that binovular pairs display a 
much greater one. 

The investigation also rendered it possible to evaluate the specimens em- 
ployed as to their original quality as test-material for Jaensch s integration 
typology. They can scarcely he said to give unambiguous results. 
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Borje Love VIST: Chromosome studies in Card amine. 

The following study began some years ago and was made in order to 
elucidate the relationships between Cardamine pratensis and C. dentata. 

By means of cytological investigations on several hundred plants of this 
material collected in nature munerous chromosome races were found. Carda- 
niine pratensis and C. dentata are probably the extremes in a series of types 
having more or fewer traits from the one or the other of the two species. As 
yet it is impossible to say anything about the taxonomy of this species complex. 

Investigations of plants from the southern part of Sweden demonstrated 
a great variation in cliTomosome number. Somatic studies resulted in the 
distinction of the following races: 2n =: 30, 56, 60, 64, 68, 72 and 76. Plants 

Ucnnliutfi xxxiir. 28 
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with 58 and 84 chromosomes ^Yere found, but not in so high a frequency that 
they deserve to be regarded as regular races. Plants with 2n m 30, 56 and 76 
have been studied in meiosis also. Only in those with the lowest number have 
nieiotic irregularities as yet been found. 

Plants of different races very often grow together in meadows, but always 
in a regional distribution, with the lowest number in only higher parts and 
with the races 2n ~ 56, 60, 64 and 68 in lower parts, and the races with 72 
and 76 near or in the water. Some examples can be given here. 


Chromosome a u m 1) e i’ in 
Locality higlicr parts lower parts near water 

Fagelsang 30 — , 60, — , 68 72, 76 

Kimgsmarken 30 56, — , — , 68 72, 76 

Kalthus 30 — , 60, 64, — — , — 

Boljanemosse — 56, 60, 64, 68 — , 76 

Revinge 30 — , — , — , — 72, — 

Viirpinge 30 56, 60, 64, — — , — 

Revlingemosse — — , — , 64, — 72, — 


The conclusion drawn from this investigation is that in the present case 
higher chromosome number is con^elated to higher water content of the soil. 

Lund, Institute of Genetics, January, 1947. 

Antero Vaauama: Contributions to the cytology of the 

genus B e r b e r i s. 

In the large genus Ber ben’s the dominating chromosome number seems 
to be 2n~28 (TiscHLEli, 1928, 1929; Dermen, 1931; Giffen, 1936). The 
primary basic number has been supposed to he x = 7. Consequently the 
species with 28 chromosomes are tetraploids. Only in two species, Berberis 
buxi folia (Tischler, 1928; Giffen, 1936) and B. turcomanica var. integri folia 
(Dermen, 1931), has the chromosome number 2n 56 been counted. In 
regard to the basic number 7, these are octoploids. 

During my stay in the Gyto-genetic Laboratory of Svalof in the summer 
of 1945 I had an opportunity to examine some species and hybrids of the 
group of evergreen barberries in prepared mateidal kindly placed at my disposal 
by the Head of the LaboralorJ^ Dr. Albert Levan. The fixation of the root- 
lips was perfox'med in the Ramlosa Plant Nurseries (Halsingborg, Sweden), 
whose Director, Mr. Holger Jensen, had kindly afforded facilities for this 
work. The Berberis candidiila material, however, is from the plant nursery 
of the Alnarp liorticultural Institute (Akarp, Sweden). 

The only fixative used was the craf-modification commonly used in 
Svalof. The paraffin sections were stained partly with Feulgen, partly 
using the common iodine-gentian-violet method. It was found that the 
Berberis chromosomes are rather hard to stain. To obtain satisfactory results 
it was necessary to stain for 30 minutes in gentian-violet. 

In the root-tip mitoses of the following seven Berberis species the chro- 
mosome number 2ii — 28 was counted: Berberis candidiila Schneid., B. Gagne- 
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painii ScHNEiD., B. ilicifoUa Fohst., B, Jiilianae Schneid., B, Sargeniiana 
ScHNEiD,, B stenoplujUa Lindl., B. verTiiciilosa Hemsl. and WiLS. AW numbers 
are equal to those counted earlier from the same species (Dermen, 1931; 
Giffen, 1936). 

The number 2n = 56 was observed in the following plants: Bcrberis biixi- 
folia var. nana Schneid. and B. actinacantha Mart. As mentioned above, the 
pure species B. buxifolia PoiR. (Tischler, 1928; Giffen, 1936) has the same 
number. The chromosome number of the vaidety nana and the species B. ac- 
tinacantha was not known earlier. 

Among the material were also root- tips from the genus hybrid Malumia 
aqiiifolium X Berberis candidiila Mahoberberis aquicandidula) ^ an artificial 
cross made by Mr, Holger Jensen at Rainlosa. Two other Malionia — Ber- 



I — . — p — I — . — I 


Figs. 1 — 3. — Fig. 1. Berberis candidula: 221 — 28. — Fig. 2. Mahonia aqiiifolium 
yC Berberis candidula: 2n — 28. The 14 short Mahonia chroniosonies are black, the 
14 long Berberis chroniosonies are dotted. — Fig. 3. Mahonia aqiiifolium: 2n 28 
(from Levan, 1944). — X 3000. 

hcris crosses were previously known, viz. the old M, aqiiifolium X B. vulgaris 
(:==: Berberis Neiibcrtii) and M. aquif oliiiin 'K B . Sargentiana (Levan, 1944), 
the earlier successful cross of Mr. Jensen. 

It was very interesting to see whether the individual size of the chromo- 
somes as determined by Levan (1. c.) in M. aqiiifolium X B. Sargentiana was 
also maintained in the present case. 

The chromosome number of Mahoberberis aqiiicandidiila is 2n =: 28 and 
is thus the same as that of the parent species. A closer examination reveals 
that the chromosomes of B. candidula are partly median, partly subniedian. 
The length of the chromosomes varies from 2,5 to 4,2 p. Of the chromosome 
complement two pairs have a length of 4,0 — 4,2 ,a, four pairs 3,3 — 3,5 p., three 
pairs 3,0 — 3,2 p, four pairs 2,7 — 2,8 p and one pair 2,5 p (Fig. 1). 

Even this superficial survey of the chromosome morphology shows that 
if the haploid chromosome set of B. candidula, n = 14, is composed of two 
different basic sets of seven, in any case the sets differ from each other. 
Aulotetraploidy is, therefore, out of question. 
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The chromosome size of Mahonia aqiiifolium varies between 1,5 — 2,5 /f 
(Levan, 1944). The length of five pairs is 2,3 — 2,s //, the othei's being smaller 
(Fig. 3). 

The chromosomes of the hybrid can be divided on the basis of their 
length into two distinct groups (Fig. 2, black and dotted chromosomes). 
Among the group of the 14 longer chroniosomes the following lengths can be 
found: 2 units about 4;f , 4 units of 3,5 — 3,8 p , 3 units of 3,2 — 3,3 p , 4 units of 
2,7 — 3,0 p and one unit of 2,6 p . Among the group of 14 shorter chromosomes 
there are 5 units of 2,4 — 2,6 p, the others being 2,3 — 1,8 p . 

As can be seen, the length-classes of the hybrid correspond very well to 
those found in the parents. The chromosomes of the hybrid seem, however, 
to be somewhat longer than those of the parents. This may be due to the 
differences in fixation, but another possible cause is the different spiralizalion 
in the hybrid chromosomes. Anyhow, in the hybrid we are able to distinguish, 
except for one chromosome, the whole Berberis set from the chromosomes of 
Mahonia, The shortest Berberis chromosome belongs to the same length-class 
as five Mahonia chromosomes and is therefore impossible to identify. 

At the same time as the conclusions of LEV AN (1944) are supported by the 
present observations, these are iii accordance with the view that the individual 
size of the parent chromosomes is maintained in hybridization. Owing to the 
noiiTlowering of the Mahonia — Berberis hybrids it was not possible to study 
the properties of the meiosis. In the literature there are to be found many 
references to the unequal bivalents in analogolis hybrids. The question was 
last treated by Meurman and Suomalainen (1946). In their material, the 
hybrid Montbretia, besides unequal bivalents, they also observed unequal part- 
ners in the second division of meiosis. 

In this connection I wish to present my hearty thanks to Dr. xAlbert 
Levan and Miss Magna Palm for all their kind help. I am also greatly in- 
debted to Mr. Holger Jensen and Dr. Emil Johansson for the material kindly 
provided by them. 

State Horticultural Institute, Piikkio, Finland 
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PARTHENOGENESE UND POLYPLOIDIE 
BEI RUSSELKAFERN (CURCULIOINIDAE) 

VON ESKO SUOMALAINEN 

GENETISCHES INSTITUT DER UNIVEUSITAT HELSINKI, FINNLAND 
(With a Summary in English) 


O BW0HL die parthenogenetische Vermehrung bei den Kafern ini 
allgemeinen sehr selten ist, maclieii die Rlisselkafer, Gurculioni- 
-dae, in dieser Hinsicht eine Ausnahme. Bei ihnen ist iiamlich die Par- 
thenogenese in den Uiiterfamilien OtioiThynchinae iind Brachydeidnae 
eine verlialtnismassig allgenieine Erscheinung. Es ist festgestellt worden 
(SuoMALAiNEN, 1940 a uiid b), dass die meisten parthenogenetischen 
Curculionidenarten polyploid sind. Von den vom Verf, (op. c.) imter- 
< 5 uchten finnisclieii Arten erwies sich nur eine [Polydrosus mollis) als 
diploid mit 22 Ghromosomen. Fiinf Arten {Otiorrhijnchus ovcitiis, 
O. ligusticU Strophosomus melanogrammus, Trachyphloeus hifoveolatiis 
iind Sciaphilus asperatiis) sind triploid mit 33 Oder einer anderen nahe- 
stehenden Zahl von Ghromosomen. Drei Arten (Otiorrhynchus diibius, 
0. scaber und Barynotus obsciiriis) wiederum liaben 44 Ghromosomen 
und sind dadurch tetraploid. Weil die Polyploidie im Tierreich sehr 
selten ist, verdient diese bei den parthenogenetischen Russelkafern fest- 
gestellte polyploide Artenreihe in mancher Hinsicht ein gewisses 
Interesse. 

Um die Parthenogenese und Polyploidie bei den Russelkafern mog- 
liclist gut kennen zu lernen und zu verstehen, ist es notwendig, mog- 
lichst viele Arten zytologisch zu untersuchen, und zwar sogar in ver- 
schiedeiien Teilen ihrer betreffenden Verbreitungsgebiete. Man erhiilt 
dadurch u. a. die Mdglichkeit, einerseits die eventueil vorhandenen fort- 
pflanzungsbiologisch und zytologisch verschiedenen Rassen ein und der- 
selben Art — hzw. entsprechende einander iiahestehende Arten — zu 
finden und ihre Verbreitiing kennen zu lernen, anderseits auch die 
Ghromosomenvei'haltnisse einander entsprechender bisexueller und par- 
thenogenetischer Rassen hzw. Arten miteinander zu vergleichen. 

Im folgenden werden die Ghromosomenverhaltiiisse einiger iiiittel- 
europaischen und bisher nicht imtersuchten finnischen Gurculioniden- 
urten beschriehen. Die meisten bier behandelten Arten gehoren der 
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umfangreichen Gattung Otiorrhynchus an, einer Gattung, die gute Mog- 
lichkeiten zur Klarung einiger wesentlichen Fragen der Paiihenogenese 
bietet, weil in ihrem Bereich viele einander nahesteliende bisexuelle wie 
auch partlienogenetische Formen anzutreffen sind (Naheres bei Apfel- 
BECK, 1928 iind 1930; Szekessy, 1937; Suomalainen, 1940 b, S. 21 — 26; 
Jahn, 1941). 


L MATERIAL UND METHODEN* 

Die vorliegende Arbeit betrifft die Chromosomenverhaltnisse bei 
iiisgesamt 20 Curculionidenarten. Von diesen fallen die nieisten der 
Gattung Otiorrhynchus zii. Die untersuchten Otiorrhynchiis-AYlen sind 
die folgenden (System und Nomenklatur nach Winkler [1932] ; die von 
mir friilier [op. c.] zytologiscb untersuchten Arten sind in Klainmern 
beigegeben) : 
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Neben den obenangefiihrten OtioiThyuchiis-Arieu werden die Chro- 
mosomenverhaltnisse noch bei drei anderen partbenogenetischen Rilssel- 
kaferarten behandelt. Diese sind Sciaphilus asperatiis Bonsd., Stropho- 
somus melanogrammus Forst. und '‘Barynotiis moerens F. Die mit 
eineiii Sternclien bezeichneten Arteii hat Herr Professor Dr. 
K. Holdhaus (Wien) bestimmt oder meine Bestimmimg bestatigt, wofiir 
ich ihm bestens danke. 

Das Untersuchungsmaterial stammt haiiptsacblich ans der Unige- 
bung der Biologischen Station Lunz (Limz am See) in den Osterreichi- 
schen Kalkalpen. Ein kleinerer Teii desselben Lst in der Umgebung von 
Berlin oder in Helsinki gesammelt worden. Genauere Angaben fiber 
den Ursprung und den Umfang des Materials sind im Zusammenhang 
mit den Artenbesprechungen zu finden. 

Zur Untersuchung der Spermatogenese wurden Testes von Imagines 
in 0,6-prozentiger Normosallosung herausprapariert. Zur Fixierung und 
Farbimg ist Karminessigsaure verwendet worden (Quetsch-Dauerpra- 
parate nach deni bei Bauer und Timofeeff-Ressovsky [1939] ange- 
gebenen Verfahren). Haufig wurden die Praparate mit deni Genii sell 
von Bouin-Allen (Bauers Modifikation; Nalieres bei Bauer, 1931) 
nachfixiert und mit fuclisinscliwefliger Saure nach Feulgen naclige- 
farbt. Wenn mit deni Nukleolus zusanimenhaiigende Fragen zu unter- 
suclien waren, wurde aucli Methylgriin oder Eisenliamatoxylin (nach 
Heidenhain) zur Nachfarbung verwendet. 

Die Ovarien und die abgelegten Eier wurden mit Garnoys Gemisch 
(6:3:1) fixiert, weil dieses in die Eier gut und sclinell eindringt, tind 
danach liber Chloroform in Parovax eingebettet. Samtliche abgelegten 
Eier und die schwerer schneidbaren Ovarien wurden jedoch nach der 
Butbylalkohol-Methode in das Parovax gebraclit. Die Dicke der Paro- 
vaxsclinitte betrug bei den Ovarien sowie bei den abgelegten Eiern 15 jli. 
Sie warden nach Feulgen gefarbt. 

Die Zeichnungen sind mit Hilfe des Objektivs 120 X (Apochromat), 
des Okulars 25 X und des ABBEschen Zeichenapparats (alles Zeiss) 
aiif der Hohe des Objekttisches ausgefilhrt worden. Die Vergrosserung 
ist, nachdem die Abbildungen beim Klischieren auf der urspriing- 
lichen Grdsse verkleinert sind, also 2000fach. In einigeii Abbildungen 
wurden die Chromosomen zur besseren Ubersicht getrennt gezeichnet 
Oder umgeordnet; das ist in den betreffenden Bildertexten mit dem 
Zeichen ^ ^ vernierkt. 

In den Bilderlexten gelten folgenden Abklirzungen: KES = Fixie- 
rung und Farbung mit Karminessigsaure. KES + B — A + Feulg. = 
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= Fixierung imd Farbuiig mit Karaiinessigsaure; Nachfixierung mit 
dem Gemisch von Bouin-Allen und Nachfarbung nach Feulgen. 
G + Feulg. = Fixierung mit Garnoys Gemisch und Farbung nach 
Feulgen. 

11. DIE CHROMOSOMENVERHALTNISSE BEI DEN 
UNTERSUCHTEN CURCULIONIDEN. 

1. DIE BISEXUELLEN ARTEN UND RASSEN* 

Wie atis dem auf S. 426 Gesagten hervorgeht, betrifft die vorliegende 
Arbeit die Chroinosomenverhaltnisse bei insgesamt 13 bisexuellen Otior- 
rhynchiis-Avien. Die Spermatogenese ist bei 11 Arten imd die Oogenese 
bei 10 Arten untersucht worden. Die untersuchten Individuen verteilen 
sich auf die verschiedenen Arten wie folgt: 0. inflatiis 1 cj'] 0, genicu- 
latus 2 1 95 C). sensitiviis 3 3 99i cirmcidillo 1 cf, 1 95 

0. hisiilcatiis 1 cf, 1 95 0- niger 2 cfcf, 5 99 (dazu wurden 5 partheno- 
genetisclie 99 untersucht); 0 . fiiscipes 2 cfcf; 0 . morio 2 cfcf, 4 995 
0. amtriacus 195 0- eguestris 2 cfcf*? 0. salicis 2 cfcJ', 1 9 (dazu 3 
parthenogenetische 99 untersucht); O. gemmatiis 3 c?Cf. I 9 (dazu 4 
parthenogenetische 99 untersucht); 0. chrysops 4 99- Dieses Mate- 
rial stammt in seiner Gauze aus Lunz am See. 

Weil die untersuchten bisexuellen Otiorrhy nchus- Avleii alle dieselbe 
Ghromosomenzahl habeii und weil sie auch in bezug auf die Meiose 
einander Miiieln, werden sie iin folgenden gemeinsam behandelt. Die 
Grosse der Ghromosomen variiert jedoch einigermassen von Art zu Art. 

A. DIE SPERMATOGENESE. 

Die diploide Ghromosomenzahl des Mannchens betriigt bei samt- 
lichen untersuchten Arten 22; dieselbe diploide Ghromosomenzahl babe 
ich auch bei den von mir friiher untersuchten bisexuellen Curculioniden- 
arten festgestellt (vgl. Suomalainen, 1940 a und b). Zwei von den 
Ghromosomen sind Geschlechtschromosonien, Das Geschlechtschro- 
mosomenpaar besteht beim Otiorrhynchus-Mannchen aus einem X- und 
einem sehr kleinen y-Ghromosom. 

SpeTmatogonienchromosomen. — Es ist mir gelungen Spermato- 
gonienpraparate nur von wenigen Arten zu erhalten. In Fig. 1 ist eine 
Metaphaseplatte bei Otiorrhy nchus fuscipes abgebildet. Die meisten 
von den 20 Autosomen, vielleicht alle, haben ein nahezu medianes 
Zentromer. Ein Ghromosom, das wahrsclieinlich das Z-Chromosom 
ist, scheint telozentrisch zu sein. Das Y ist rundlich und recht klein. 
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Die friiheren Stadieu der Meiose verlaufen nach deni gewohnliclieii 
Schema. Im Leptotan sieht man im Kern lange, dlinne Chromosoiiien- 
faden, die unregelniassig gewunden sind und einen dichten Knauei 
bilden. Im spaten Leptotan und im frlihen Pachy.tan kann man cine 
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Fig. 1, Otiorrhynchus fuscipes. Fig. 2 — 3 iind 6 — 8. O. sensitivus. Fig. 4. 0. mono. 
Fig. 5. 0. salicis. — Fig. 1. Spermatogonienmetaphase. — Fig. 2. Diplotantetradcn 

beim (f. — Fig. 3. Tetraden der friilien Diakinese beim c?. — Fig, 4. Diakinese 
beim cf. — Fig. 5 — 6. Profilbilder der 1. Metaphase beim cT — ^)- — Fig. 7. Profil- 
bild der 1. Anaphase beim c?, — Fig. 8. Profilbild der 2. Metaphase beim c? (nicht 
alle Chromosomen sind eiiigezeichnet) . — - Fig. 1 und 5 — 7. KES. Fig. 2 — 4 und 8. 

KES + B— A + Feiilg. 


recht deutliche Bukettorientierung der Chromosomen wahrnehmem 
Weil ich kein genau analysierbares Zygotiinstadium gefunden habe, 
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lasst es sich nicbt ermitteln, wie die Konjugation im einzelnen stattfindet. 
Inx spateren Pachytan verschwindet die Bukettorientierung, und die 
Ghromosonien, die jetzt ihrer ganzen Lange nach eng konjugiert sind, 
liegeii nun zerstreiit im Kernranm. Im Pachytan sieht man in alien 
Kernel! einen verhaltnismassig grossen Nukleoliis, der deutlich dem 
heteropyknotischen X-Ghromosom angeheftet ist. Audi das Y-Ghro- 
niosom scheint mit dem Nukleolus zusammenzuhangen. 

Tetradengenese. — Nach dem Pachytan trennen sich die konjugier- 
ten homologen Ghromosomen schnell voneinander, womit das Diplotan- 
stadium beginnt. Ein besonderes Strepsitanstadium kann bei keiner 
Art wahrgenommen werden. Im Dij)lotan und in der Diakinese gewahrt 
man bei samtlichen Arten typische und deutliche Ghiasmata. Sowohl 
dereii Synimetrischwerden als deren Terminalisation finden auf allge- 
mein bekannte Weise statt. Im Diplotiin und in den Aiifangsstadien der 
Diakinese (Fig. 2 — 3) ist die Kontraktion der Ghromosomen noch gering, 
sodass dieselben lang und scblank erscheineii. Die Ghiasmata sind nur 
in wenigeii Fallen symmetrisch geworden und ihre Terminalisation 
befindet sich erst ini Anfang. Die meisten Tetraden haben deutlich 
nur ein Chiasma; doch sieht man aucli Tetraden mit zwei Ghiasmata. 
Ein paarmal babe ich auch solche Tetraden gefunden, bei denen an- 
scheinend drei Ghiasmata vorkommen (vgl. Fig. 2). Die dritte als ein 
Chiasma erscheinende Stelle in ihnen kann iiaturlich auch eine durch 
Torsion der Partner herbeigefiihrte optische Dberkreuzung sein. 

In der spateren Diakinese (Fig. 4) ist die Kontraktion deutlich fort- 
geschritten, sodass die Ghromosomen kilrzer und dicker sind. Die 
Ghiasmata sind im allgemeinen schon symmetidsch und oft auch voll- 
standig terminalisiert. Die meisten Tetraden sind typische Stabtetraden; 
man sieht jedoch auch Kreuztetraden, sogar solche mit verhaltnismassig 
langen Querbalken. Neben den erwiihnten Tetradentypen fiudct man 
auch typische Ringtetraden mit zwei an verschiedenen Enden termina- 
lisierten Gliiasmata. Die Zahl der Ringtetraden in einer Zelle ist bei 
verschiedenen Arten ein wenig verschieden, wie der folgende Vergleich 
zwiscben 0. sensitiims und 0. morio (gezahlt an 50 Spermatozyten) 
zeigt: 

Zellen Zellea Zelleii Zellen Zelleu Zellen Zelleii 

ohno mit 1 mit 2 mit 3 mit 4 mit 5 mit (5 

Ringtetr. Ringtctr. Rinj?tetr. Riiijytetr. Ringtetr. Riugtetr. Ringtetr. 

O. sensitivus .... 15 18 11 (3 — — 

0. morio 2 4 12 IR 12 6 1 

Bei 0, sensttwiis schwankt demgemass die Zahl der Ringtetraden in 
einer Zelle zwischen 0 und 3 und bei 0. morio zwiscben 0 und 0. Bei 
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cier ersteren Art findet man in einem Kern am haufigsten also eitien Ring, 
bei 0. morio aber 3 soldi e, 

Reifiingsteilungen. — In der 1. Metaphase gewahrt man 10 Auto- 
somentetraden imd das ZY-Paar (Fig. 5 — 6). Die Lage der Tetraden 
wird durdi die Koorientierung der beiden homologen Zentromeren 
bestimmt. Die Langsachsen der Tetraden sind namlidi parallel mv 
Spindel eingestellt. Die Kontraktion der Chromosomen ist jetzt maximal 
und die Chiasmata sind mil wenigen Ausnahmen vollig terminal isiert. 
In den meisten Metaphaseplatten findet man audi einige Ringtetraden 
mit zwei terminalisierten Chiasmata, Die znsammenhangenden X~ und 
Y-Chromosonien sind nadi verschiedenen Polen gerichtet. 

In der 1. Anaphase (Fig. 7) trennen sich die konjugierten Chro- 
mosonien auf gewohnlidie Weise voneinander. In beiden Platten sielit 
man 10 Autosonien; dazu kommt in der einen Platte noch das Z-Chro- 
mosoni und in der anderen das kleine Y-Ghromosom. Als Folge der 

1. Reifungsteilung entstehen somit zweierlei 2. Spermatozyten, namlich 
sowohl solche mit deni Z- als solche mit dem Y-Ghromosom. In der 

2. Metaphase liegen die Langsachsen der Chromosomen in der Richtnng 
der Aquatorialebene. In Seitenansicht sind die Chromosomen oft kreuz- 
formig (Fig. 8), weil ihre Ghromatiden nur an der Spindelansatzstelle 
aneinander haften. Bei der 2. Reifungsteilung teilen sich die Ghromo- 
somen aquationell. 

Der Konjugationsmechanismus der Z- und Y-Cliromosonien wird 
in anderein Zusammenhang naher behandelt. 


B. DIE OOGENESE. 

Die diploide Chromosomenzahl des Weibchens ist bei alien unier- 
suchten Arten dieselbe wie beini Mannclien, namlich 22. Beiin Weib- 
chen sind die beiden Geschlechtschromosomen A'-Chromosonien. 

Oogonienteilungen sind in meinen Prapai'aten nicht vorhanden. 
Audi die fruheren Stadien der Meiose sowie die Tetradengenese wurden 
in der Oogenese nicht nMier untersucht. 

Reifungsteilimgen. — In der 1. Metaphase gewahrt man bei alien 
untersucliten bisexuellen Arten 11 Tetraden, von denen eine das kon- 
jugierte Z-Chromosomenpaar ist (Fig. 9 — 13). Sie sind meistens sehr 
regelmassig ziir 1. Metaphaseplatte angeordnet. Die meisten Tetraden 
sind Stabtetraden mit einem terminalisierten Chiasma; nicht selten 
findet man auch Ringtetraden mit zwei Chiasmata. Wie bei den 
Spermatozyten, so scheint auch hei den Oozy ten die Zahl der Ring- 
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tetradeii in einer Zelle bei verschiedenen Arten ein wenig verschieden 
zii sein. Eine Untersuchung der Oozyten von 0. sensitivus tmd 0. morio 
gab namlicli in dleser Hinsicht b 

Zclleii Zelleri 

ohne mit 1 

Ringletr. Ringleti*. 

0. sensltiuiis 2 2 

0. morio . , 1 1(2?) 


9 


12 13 

Fig. 9. Otiorrhijnchus morio. Fig. 10. O. niger. Fig. 11 — 12. 0. salicis. Fig. 13. 

0. gemmatiis. — Fig. 9 luid 12 — 13. Profilbilder der 1. Metaphase beim 2 bi- 
sexiielleu Rasse — y), — Fig. 10 — 11. Metaphaseplatten der 1. Reifungsteilung beim 

2 der bisexiiellen Rasse. — Alles C + Feulg. 

In beziig auf die Zabl der Ringtetraden scheint demgemass kein 
grosserer Unterschied zwischen Sperinatozyten (vgl, S. 430) und Oozyten 
211 bestehen. (Das Material ist allerdings niclit gross, Besonders in 
den Oozyten ist es namlicli nicht leicht die Zahl der Ringtetraden zu 
bestiminen, weil die Ringe in den Schnittpraparaten teilweise auch im 
Profil siclitbar sind.) 

Die Eier befinden sich bei der Ablage im Metaphasestadium der 

1. Teilung. Die beiden Reifungsteilungen erfolgen bald nachdein das 
Ei abgelegt worden ist, Sie weisen keine Besonderheiten in beziig auf 
ihren Ablauf auf. In der 2. Teilung teilt sich die iiinere Platte friilier 
als die aussere, soweit sich die letztgenannte iiberhaupt teilt. 

Beinerkenswert ist der Uinstand, dass von drei Arten, namlicli 
Otiorrhynchus niger, 0. salicis und 0. gemmatiis, in Lunz am See neben 
diploiden bisexuellen Weibchen aucli triploide Weibchen aiiftreten, die 
recht walirscheinlich parthenogenetiscli sind. 

2. DIE PARTHENOGENETISCHEN ARTEN UND RASSEN. 

In der vorliegenden Untersuchung werden die Ghromosomenver- 
haltnisse bei insgesaint 10 parthenogenetischen Arten bzw. Rassen be- 
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handelt. Von diesen sind acht triploid, eiiie tetraploid und eine peata- 
ploid. Bei samtlichen machen die Eizellen iinr eine Reifungsteilung 
durch, die eine Aquationsteiluiig ist. 

In der Literatur sind mir keine Angaben iiber Partlienogenese bei 
fiinf von den untersuchten Arten,^namlicb Otiorrhynchus nigei\ O. sin- 
gulariSy 0. genunatus, O. pupillatus und Barynotus moerens, begegnet. 


A. DIE TRIPLOIDEN ARTEN UND RASSEN. 

Otiorrhynchus niger. — Insgesamt zelin Weibchen wurden unter- 
sucht. Sie stammen alle aiis Liinz am See. Fiinf von den Tieren waren 
diploid mit normaler Chromosomenkonjugation und Tetradenbildung 
(siehe Fig. 10) ; sie gehoren demnach der bisexuellen Rasse an. Fiinf 
von den untersuchten Weibchen waren dagegen triploid mit 33 Chro- 
mosomen. Hire Eier laufen nur eine Reifungsteilung durch und ent- 
wickeln sich darum wahrscbeinlich parthenogenetisch. Bei den par- 
thenogenetischen Weibchen kann man in der Metaphaseplatte der 
Reifungsteilung 33 iingleich grosse univalente Ghroinosomen finden 
(Fig. 14), Die exakte Bestimmung der Ghromosomenzahl war freilich 
nur in einer Platte moglich. Platten mit etwas iiber 30 Ghromosonien 
waren in den Praparaten niehrere entlialten. Eine genauere Analyse 
der Ghromosomentypen ist bei keiner untersuchten Art moglich. 

Otiorrhynchus scaber. — Diese Art ist in verschiedenen -Gegenden 
Siidfinnlands tetraploid (Suomalainen, 1940 a, S. 58; 1940 b, S. 88 — 91). 
Bei den finnischen Exemplaren konnten nanilich in den Metaphase- 
platten der Reifungsteilung in den meisten Fallen 44 Ghroinosomen 
gezahlt werden; man findet jedoch auch Platten mit 42 oder 43 Ghro- 
mosomen. 

Die Art war haufig auf einer ganz beschrankten Flache in der Nabe 
der Biologisclien Station in Lunz. Sie war dort parthenogenetisch; die 
gesammelten 130 Exemplare waren alle Weibchen. Otiorrhynchus 
scaber erwies sich in Lunz am See als triploid (vgl. Suomalainen. 1944; 
1945, S. 187 — 188). Insgesamt zehn Weibchen wurden zytologisch 
uiitersucht und sie waren alle triploid. In samtlichen acht Eiern, die 
eine exakte Bestimmung der Ghromosomenzahl erlaubten, wurde diese 
als 33 gefunden (Fig. 15). Ausserdem wurden in mehreren Metaphase- 
platten je etwas iiber 30 Ghromosonien festgestellt. Die triploide Ghro- 
mosomenzahl wurde auch in Follikelzellen des Ovars konstatiert. 

In einem von den untersuchten Ovarien waren in den Prophase- 
kernen weniger als 33 Cthromosomeiielemente sichtbar. Freilich nur 
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zwei spate Prophasen wurden gef unden; die eine enthielt 21 — 22 Chro- 
mosomenelemente, die aiidere nur ungeftihr 16. Melirere von diesen 
Ghromosomenelementeii wareii bedeutend grosser als die univalenten 



Fig. 14. Oiiorrhijnchiis niger. 33 Chromosomen, — Fig. 15, 0. scaber. 33 Chromo- 
somen. — Fig. Ui. 0. singiilarls. 33 Chromosomen. — Fig. 17 — 18. O. salicis. 

32 Chromosomen. — Fig. 19. 0. siiJcatiis, 34 Chromosomen. — Fig. 20. 0. gemmatus. 

33 Chromosomen. — Fig. 21. O. pLipillatus, 44 Chromosomen. — Fig. 22—23. Barg- 
notns moerens. 55 Chromosomen. — Fig. 17. Prophase der Reil’ungsteilung des par- 
theiiogeneti.schen Fig. 14 — 16 itnd 18—23. Metaphasen der Reifungsteilung des 

partheuogenetischen — Alles G + Feiilg. 

Metapliasechromosomen. Es ist offenbar, dass jene wenigstens zwei 
Chromosomen entbalten. Diese Frage wird spiiter (S. 435 — 436) naher 
diskutiert. 
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Otiorrhynchus singularis, — Von dieser Art wurden sechs Weib- 
chen zytologiscli untersucht. Eines von diesen stammt aus Slidfinnlaiid, 
aus Helsinki; die anderen fiiiif wurden in Mitteldeutschland, in Berlin- 
Buch gesammelt. Iiisgesamt wurden in Berlin-Buch etwa 20 Otior- 
rhynchiis singn/arrs- Exemplar e erbeutet, und sie alle waren Weibchen. 
Samtliclie untersuchten Tiere waren triploid und zytologiscli gleicli. In 
der Metaphaseplatte der Reifungsteilung sind 33 univalente, oft ein 
wenig semmelformige Ghromosomen zu finden (Fig, 16). Die exakte 
Bestimmung der Chromosomenzahl war freilich niir in drei Platten 
moglich; ausserdem wurden in mehz'eren Platten ungefalir 33 Cliro- 
mosonien konstatiert. Die meisten Ghromosomen zeigen in ihrer Mitte 
eine melir oder weniger deutliche Einschnlirung und scheinen daher 
ein naliezu medianes Zentromer zu liaben. (Die nahezu mediane Lage 
des Zentromers ist auch bei einigen anderen Arten [vgl. die Figuren] 
bei der Reifungsteilung in den meisten Ghromosomen feststellbar.) 

Otiorrhynchus salicis, — Vier Weibchen, alle aus Lunz am See, 
wurden untersucht. Eines von denselben war diploid mit norinaler 
Ghromosoinenkonjugation und Tetradenbildung (siehe Fig. 11 — 12). 
Dieses Weibchen gehort der bisexuellen Rasse an. Drei von den imter- 
suchten Weibchen waren dagegen triploid. Hire Eier machen nur eine 
Reifungsteilung durch und entwickeln sich wahrscheinlich partheno- 
genetisch. Bei den parthenogenetischen Weibchen war die exakte Be- 
stimmung der Ghroniosomenzahl nur in einer Metaphaseplatte der 
Reifungsteilung moglich; sie betragt 32 (Fig. 18). Platten mit etwas 
iiber 30 univalenten Ghromosomen wurden mehrere gefunden. Bei 
einem von den untersuchten Weibchen waren die Ghromosomen in den 
Eiern nicht zu einer regelmassigen Metaphaseplatte angeordnet, son- 
dern ganz unregelmassig gruppiert. Die triploide Ghromosomenzahl 
war jedocli auch bier feststelJbar. 

Bemerkenswert ist der Umstand, dass in den Eiern eines partheno- 
genetischen 0. salicis-W eibchens — ganz wie es bei einem 0. scciber- 
Weibchen (vgl. S. 434) der Fall war — wahrend der spaten Prophase 
bedeutend Aveniger als 32 — 33 Ghromosomenelemente sichtbar waren 
(Fig. 17). Iiisgesamt wurden iiber zehn solche Prophasen gefunden. 
Weil die Ghromosomenelemente in der spaten Prophase in einer dichten 
Gruppe stehen, lasst sich ihre Zahl meistens nicht exakt ermitteln. In 
den fraglichen Prophasen schwankt die Zahl der Ghromosomenelemente 
zwischen etwa 7 und ungefahr 20; meistens betragt sie etwa 20. Die in 
Fig. 17 abgebildete Zelle z. B. hat 16 Ghromosomenelemente. Die 
Grossenunterschiede derselben sind viel betraclitlicher als diejenigen der 
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univalenteii Gliromosomen in den triploiden Metapliaseplatten. Es ist 
offenbar, dass die grossen Chromosomenelemente dieser Prophasekerne 
zwei Oder niehrere Gliromosomen enthalten. Es ist schwierig mit 
Siclierlieit zii entsclieiden, ob die sich zusaminenscliliessenden Chromo- 
somen homolog sind iiiid an den Chiasmata aneinander haften — also 
Bivalente oder Trivalente bilden — oder ob zwei oder niehrere Chro- 
niosomeii sich dine Cliiasmabildimg vorubergeliend aneinander an- 
schliessen, Der Umstand, dass in entsprechenden Metapliaseplatten 
nie Bivalente oder Trivalente auftreten und dass in einem Propliasekern 
die Zahl der Chromosomenelemente sogar weniger als 11 (etwa 7) 
betriig, spriclit fur die letztgenannte Alternative. 

Otiorrhynchm sulcatus. — Diese in Filmland sonst sehr seltene Art 
ist haufig auf einer beschrankten Flache im Botanischen Garten der 
Universitat Helsinki. Sie ist dort parthenogenetisch, denn unter den 
ungefahr 150 untersuchten Exemplareii wurde kein einziges Maiincben 
gefunden. Insgesamt zehn Weibchen warden zytologisch untersucht, 
und sie waren alle triploid. In der Metaphaseplatte der Reifimgsteilung 
kann man bei dieser Art 34 univalente Gliromosomen sehen (Fig. 19). 
Alle fiinf Eier, die eine exakte Bestimimmg der Chromosomenzahl 
erlaubten, zeigten in der Metaphaseplatte 34 Chromosomen. Platten mit 
etwas liber 30 Chromosomen waren in den Praparaten reiclilich eiit- 
lialten, 

Otiorrhynchiis gemmatiis. — Fiinf Weibchen, alle aus Lunz am 
See, wurdeii untersuclit. Eines von denselben war diploid mit nornialer 
Chromosomenkonjugation und Tetradenbildimg (siehe Fig. 13); es 
gelidrt der bisexuellen Basse an. Vier von den untersuchten Weibchen 
waren dagegen triploid mit 33 Chromosomen. Weil ilire Eier nur eine 
Reifungsteilung durclilaufen, entwickeln sie sich offenbar partlieiio- 
genetiscb. Diese beiden rassenspezifisclien Eiertypen wurden aucli unter 
abgelegten Eiern konstatiert. Bei den partbenogenetisclien Weibchen 
kann man in der Metaphaseplatte der Reifungsteilung 33 luigleicli grosse 
univalente Chromosomen finden (Fig. 20). Die exakte Bestimmuiig der 
Cliromosonienzalil war in fiinf Platten moglicli. In melireren Platten 
wurden etwas liber 30 Gliromosonien konstatiert. 

Sciaphiliis asperatus. — Diese Art ist in verschiedenen Gegenden 
Siidfinnlands triploid mit 33 Chromosomen (Suomalainen, 1940 a, 
S. 57; 1940 b, S. 82— -84). 

Zwei Weibchen aus Berlin-Bucli wurden zytologisch untersucht. 
Audi sie waren triploid, es wurden namlich in den Eiern in der Meta- 
pbaseplatte der Reifungsteilung 33 Chromosomen festgestelit. 
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Strophosonnis melanogr animus, — Diese Art ist auf Aland im 
siidwestlichen Finnland triploid. Die Chromosomenzahl variiert in den 
Oozy ten von 31 bis 35. Als haufigste Chromosomenzahl ergibt sich 34 
(SUOMALAINEN, 1940 a, S. 56; 1940 b, S. 78 — 80). 

Aucli von dieser Art Avurden zwei in Berlin-Buch gesammelte 
Weibchen iintersucht. Beide Avaren triploid. Von den fiinf Eiern, die 
eine exakte Besiiinnumg der Chromosomenzahl gestatteten, warden bei 
vier in der Metaphase der Reifungsteilung 34 Chromosomen konstatiert; 
das fiinfte hatte 33 Chromosomen. Wie bei den finnischen Exemplaren, 
gewahrt man auch hier ein im Vergleich zu den iibrigen deutlich kleine- 
res Chromosom. 

B. DIE TETRAPLOIDEN ARTEN UND RASSBN. 

Von den zehn parthenogenetischen Russelkaferarten, deren Chro- 
mosomenverhaitnisse in dieser Untersuchung naher behandelt werden, 
erwies sich nur eine als tetraploid. 

Otiorrhgnchus piipillatiis . — Die Art ist in Lunz am See partheno- 
genetisch; die gesammelten 26 Exemplare waren alle Weibchen. Vier 
von diesen wurden zytologiscli untersucht. Sie waren alle tetraploid. 
Wegen der grossen Zahl der Chromosomen war ihre exakte Zahlving 
nur in zwei Metaphaseplatten der Reifungsteilung mdglich. Beide ent- 
hielten 44 univalente Chromosomen (Fig. 21). Ausserdem wurden in 
mehreren Metaphaseplatten ungefahr 44 Chromosomen festgestellt. Die 
grosseren Chromosomen sind langgestreckt, in ihrer Mitte deutlich 
gebogen. 


C. DIE PENTAPLOIDEN ARTEN UND RASSEN. 

Eine von den untersuchten Arten erwies sich als pentaploid. 

Barijnotiis moerens (— elevatiis), — Zwei Weibchen aiis Lunz am 
See wurden untersucht. Sie waren beide pentaploid mit 55 Chromo- 
somen. Ungeachtet der recht grossen Chromosomenzahl gelang es mir 
in drei Metaphaseplatten der Reifungsteilung exakt die genannte Zahl 
von Chromosomen zu konstatieren (Fig. 22 — 23). Ausserdem waren in 
sechs Metaphaseplatten ungefahr 55 Chromosomen feststellbar. Dazii 
kommen noch einige Flatten, die etwas iiber 50 Chromosomen zeigen. 
Die Peiitaploidie wiirde also bei dieser Art ganz einwandfrei festgestellt. 
Ganz wie bei der anderen, frliher untersuchten Banj not us- Ai% B. oh- 
scar us (vgl. Suomalainen, 1940 a and b), sind die Chromosomen von 
B. moerens recht gross und zeigen oft ein deutliches, nahezu medianes 
Zentromer, 
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Wenngleich die Art in Filmland reclit selten ist, gelang es mir nach 
eifrigeni Suclien zwei Bargnotus mo^ren^-Weibchen (die Bestimmung 
dieser Exemplare isl von Herrn Dozent Dr. Ernst Palmen besiaiigt 
worden) aiis dem Botaniscben Garten der Universitat Helsinki zur 
Untersucluing zu bekomnien. Leider war es nicht nioglich, ihre Chro- 
mosoinenzahl genau festznstellen. Sie scheineii jedoch viel weniger 
Chromosomen zu habeii als die peniaploiden Exemplare aiis Lunz. Die 
tinnischen BavgnoUis moerens-Weibclien reprasentieren somit eine 
niedrigere Polyploidiestufe (vielleicht Triploidie?) als die iintersuchten 
osterreichischen Exemplare. Ich hoffe neues Material zu erhalten, um 
diese interessanten Chromosomenverhaltnisse genauer uiitersuclien zu 
kdnnen. 

D. DIE ORIENTIERIING DER CHROMOSOMEN IN DER METAPITASEPLATTE 
BEI DEN PARTHENOGENETISGHEN ARTEN. 

Ill den Eiern mancher von mir ( Suomalainen, 1940 a imd b) 
friilier untersiicliten polyploiden Riisselkafer liisst sich ziemlich allge- 
nieiii eine eigenartige Gononierie wahrnehmeii. Die Chromosomen 
konnen sich in der Metaphase der Reifungsteilung zu zwei oder sogar 
drei getrennte Platten anordnen. Drei Flatten findet man jedoch nur 
bei tetraploiden Arten. Jede der Platten enthalt im allgemeinen ein oder 
mehrere voile Genome. Diese getrennten Platten konnen weit vonein- 
ander entfernt liegen. 

Auch bei den in der vorliegenden Untersuchung beschriebenen 
polyploiden Cur culioniden arten wurde eine ahnliche Genomsonderung 
festgestellt. Bei alien sechs triploiden Otiorrhynchiis-Avien wurden 
neben Eiern mit einer triploiden Metaphaseplatte auch solche Eier ge- 
fiinden, die eine diploide und eine haploide Platte aufweisen. Die Zahl 
der letztgenaimten Eier war jedoch im allgemeinen ziemlich gering, sie 
schwankte namlich lediglich zwischen 2,5 fo (0. singiilaris) und 12,5 % 
(0. salicis). (Dasjenige O. salicis AY eihchen, dessen Eier eine ganz tin- 
regelmassige Gruppierung der Metaphasechromosomen zeigen [vgl. 
S. 435], ist hierbei nicht beriicksichtigt.) Nur bei 0. iiiger sind ziemlich 
viele, namlich 25 % der Eier mit Teilplatten zu finden. Beim tetra- 
ploiden 0. piipillatiis befandeii sich unter 22 Eiern zwei mit einer 
triploiden und einer haploiden Platte und eines mit zwei diploiden 
Flatten (das Weibchen mit »degenerierenden» Eiern [vgl. unten] 
scheidet hierbei aus) und beim pentaploidcn Bargnotus moerens befand 
sich unter 32 Eiern eines mit einer triploiden und einer diploiden Platte. 
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Eines von den untersuchten Otiorrhynchus piipillatiis-We\hchen 
zeigt in seinem Ovarium mehrere Eier, deren Plasma Anzeichen einer 
beginnenden Degeneration aufweist. In diesen Eiern kann man 2 — 3 
weit voneinander entfernt liegende degenerierende Chromosoniengriip- 
pen wahrnehmen, die verlialtnismassig wenig (eine haploide oder di- 
ploide Zabl?) Chromosomen eiithalten. Es ist moglicli, dass wir es 
hier mit solcheii Fallen zu tun haben, in welchen die Teilplatten so weit 
voneinander entiernt liegen, dass eine normale Entwicklung des Eies 
nicht mehr moglich ist. 


III. BESPRECHUNG DER ERGEBNISSE. 

1. DIE VERSCHIEDENEN RASSEN EIN UND DERSELBEN ART 
MITEINANDER VERGLICHEN* 

Oben (S. 426) ist bereits davon die Rede gewesen, dass man bei 
mancben Riisselkaferarten sowohl eine bisexuelle als eine partlieno- 
genetiscbe Rasse kennt. Einige andere Arten verniebren sich niir par- 
tbenogenetiscb; bei ibnen ist keine bisexuelle Rasse festgestellt worden, 
Docb sind in vielen solcben Fallen ganz nabeverwandte bisexuelle Arten 
bekannt, die moglicherweise als die bisexuellen Gegenstucke der betr. 
Arten gelten kbnnten, obwohl sie als eigene Arten bezeiclmet worden 
sind. Es bat inir bisber an Gelegenlieit gefeblt, die Chromosomen- 
verbaltnisse soldier einander entsprecbenden fortpflanzungsbiologiscb 
verscbiedeneii Curculionidenrassen zu untersucben. In vorliegender 
Arbeit sind jedocb sowobl die bisexuelle als die partbenogenetische 
Rasse dreier Otiorrhyj-ichiis-Arten, namlicb O. niger, 0. salicis und 
O. gemmatiis, zytologisdi untersudit worden. Bei alien diesen Arten 
ist die bisexuelle Rasse diploid, und ihre Eier laut'en zwei Reitungs- 
teilungen diircb. Die partbenogenetisdie Rasse ist dagegen polyploid 
(triploid) ; die Eier dieser Rasse madien nur eine Reifungsteilung, die 
Aquationsteilung, durdi. In alien diesen Fallen ist die parthenogeneti- 
scbe Vermebrimg also mit Polyploidie verbunden. Bemerkenswert ist 
auch, dass bei den Russelkafern, wenn die Verniehrung partbeno- 
genetisdi wird, die Tetradenbildung wie audi die Chromosomenreduk- 
tion ausfallen. 

Auch zytologisdi verschiedene partbenogenetisdie Rassen wurdeii 
bei einigen Curculionidenarten konstatiert. So wurden bei Otior- 
rhynchiis scaber zwei verscbiedene partbenogenetisdie Rassen, namlidi 
eine triploide und eine tetraploide, festgestellt. Entsprecbenden Verhalt- 
nisseii begegneii wir bei Barynotus moerens, der iieben einer penta- 
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ploideii parthenogenetischen Rasse eine andere parthenogenetisclie 
Rasse hat, die eine niedrigere Polyploidiestufe reprasentiert. Bei 
Otiorrhynchm scabev Iritt in den Ostalpen in einigen ganz beschrankten 
Gebielen (Naheres aul;‘ S. 444) noch eine bisexuelle Rasse auf, die mit 
recht grosser Wahrscheinlichkeit diploid ist. Otiorrhijnchm scaber ist 
somifc eine Art, von der es wenigsleiis drei verschiedene Rassen gibt, 
namlich eine diploide bisexuelle, eine triploide parUienogenetische und 
eine tetraploide parUienogenetische. 

Bei manchen polyploiden Tieren trill als Folgeerscheinung der 
Polyploidie Gigantismus auf; bei anderen wiederum ist solches niclit 
nachweisbar (Naheres z. B. bei Fankhauser, 1945, S. 48 — 50). Hoff- 



Fig. 24. Triploide Otiorrhijnchus .scrt/^cr-Individuen aiis den Osterreichischcn Kalk- 
alpeii (Lunz am See) (links) und tetraploide I'innische Individuen der.selben Art 
(rechts). 4,5 X. — Der Farbenuiiterschied der Kiifer beriiht auf der die erstereii 
bedeckenden feinen staubartigen Schicht. 

MANN (1932) hat beziiglich zweier Alien der Ciirculionidengattung 
Trachyphloeiis, Ti\ alternam und Tr. spinimaniis, festgestellt, dass bei 
ihnen die bisexuelle Rasse um die Halfte kleiner als die paiihenogeiieti- 
sche (und Avabrscheinlich polyploide; vgl, Vandel, 1932) ist. Die ver- 
schiedenen Rassen von Otlorrhgnchiis nigei\ 0. saiicis und 0. gemmatiis 
wurden leider erst bei der zytologischen Untersuclmng festgestellt, als 
ein Vergleich ihrer Korpergrbsse nicht mebr moglich war. Die beiden 
zytologisch verschiedenen parthenogenetischen Rassen von Otiorrlujn- 
elms scaber liessen sich dagegen in betreff ihrer Korpergrosse mitein- 
ander vergleich en. Wie aus Fig. 24 hervorgeht, ist die triploide Rasse 
aus Lunz am See deutlich etwas kleiner als die tetraploide aus Finnland; 
der Unterschied ist allerdings nicht gross. 

Die Eier der verschiedenen Rassen zeigen in bezug auf ihre Grosse 
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— soweit man dies aiis den Schnittpraparaten beurleilen kann — keine 
grosseren Unterschiede. Der Querdurchmesser der Eier der diploiden 
bisexuellen Rasse von Otiorrhynchm niger ist 0,55 mm und derjenige 
der Eier der Iriploiden partheiiogenetischen Rasse 0,57 mm. Bei 0. salicis 
sind die entsprechenden Wertc 0,13 mm und 0,43 mm und bei O. gem- 
matiia 0,(5i mm und 0,05 mm (alles Mittelwerte von 10 reifen Eiern). 
Entsprecliend liegt die Sache bei O. scaber; der Querdurchmesser der 
Eier der triploiden parthenogenetischen Rasse ist namlich 0,37 mm und 
derjenige der tetraploiden Rasse ebenfalls 0,37 mm (Mittelwerte von 20 
reifen Eiern). Die Grossenverhaltnisse der Eier verschiedener Curcuiio- 
nidenrassen ahiieln somit denjenigen bei Solenobia, deren verschiedene 
Rassen auch gleich grosse Eier haben (Seiler, 1936, S. 150). 


2. DIE VERBREITUNG DER VERSCHIEDENEN RASSEN 
EIN UND DERSELBEN ART, 

Weiin von zwei naheverwandten Arten oder von zwei Rassen ein 
und derselbeii Art die eine bisexuell und die andere thelytok partheno- 
genctiscli ist, besitzen die beiden Arten bzw. Rassen gewohnlich wenig- 
stens zum Teil ihre eigenen Verbreitungsgebiete, und zwar oft so, dass 
die parthenogenetisclie Form die nordlichere ist (siehe z. B. Vandel, 
1928, S. 244 IT.; 1931, S. 174 — 200). Wegen der verschiedenen Ver- 
breitung der parthenogenetischen Form werden derartige Falle als geo- 
graphische Parthenogenese bezeichnet (Vandel, op. c. ). 

Die direkte Ursache zu der geographischen Parthenogenese ist 
wenigstens in den meist typischen Fallen jedoch nicht die Partheno- 
genese selbst, sondern die den parthenogenetischen Formen eigene Poly- 
ploidie. Wo die bisexuelle und die parthenogenetisclie Rasse eine deut- 
lich verschiedene Verbreitung aulweisen, hat sich die letzterwahnte 
ineistens als polyploid erwiesen. Besonders deutliche Beispiele von 
solchen Fallen bieten uns u. a. die parthenogenetischen Rassen von 
Artemia salina (Artom, 1911, 1931; Gross, 1932; Barigozzi, 1934, 1935), 
Trichonisciis eluabetliae (Vandel, 1926, 1928, 1931, 1934), Saga 
pedo (Matthey, 1941, 1946; Goldschmidt, 1946), manchen Phasmiden 
(uber diesbezhgliche Literatur naher bei White, 1945, S. 295), und 
Solenobia triqiietrella (SEILER, 1923, 1927, 1939, 1942, 1943). Obwolil 
bei alien diesen Tieren die Polyploidie die eigenlliche Ursache der geo- 
graphischen Parthenogenese ist, ist ander.seits zu bemerken, dass ihre 
Polyploidie gerade diirch die Parthenogenese ermoglicht ist (Naheres 
bei Sxjomalainen, 1940b, S. 122 It.). 


HercdUas XXX in. 


30 
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Die verschiedene Verbreitung der diploiden bisexuellen und der ihr 
entsprecbeiiden polyploiden parthenogenetischen Rasse ist bei inaucben 
Curculionidenarten recht deutlich feststellbar. Eiii ausgezeichiieles 
Beispiel dafCir bieiet Oliorrhyiiclius dubiiis. Diese Art hat eiiie typische 
sog. boreoalpine Verbreitung (Szekessy, 1937, S. 582; Holdhaus und 
Lindroth, 1939, S. 215 — 218). In ihreni borealeii Verbreitungsgebiet 
(Gronland, Island, Faroer, Grossbritannien, Irland, Danemark, Fenno- 
skandien und Nordrussland) ist sie ausschliesslich parthenogenetisch 
und wenigstens in einem Teil dcs Gebietes polyploid (in Filmland hat 
sich namlich die Art als tetraploid erwiesen [Suomalainen, 1940 a, 
S. 57; 1940 b, S. 85 — 88]). In seinem alpinen Verbreitungsgebiet da- 
gegen (in inanchen mitteleuropaisclien Gebirgen) ist 0. diibius, soweil 
vorlaulig bekannt, ausschliesslich bisexuell imd somit recht wahrscbein- 
lich diploid. (Siehe hierzu die Karte bei Suomalainen, 1945, S. 189.) 

Auch eine andere Otiorrhynchus-Ai% 0. salicis, eignet sich gut als 
Beispiel. Nach Jahn (1941, S. 368) pflanzt sich diese Art im grossten 
Teil' ihres Verbreitungsgebietes, so in Nordeuropa, der Schweiz, in den 
Sudeten, Karpathen und auf der Balkanhalbiiisel, parthenogenetisch 
fort; fiir die Alpen ist jedoch das Vorkommen der bisexuellen Rasse 
angegeben. Jahn erwahnt indessen zwei Fundorte (Konigsstuhlgebiet, 
Goldeckgebiet) in den Ostalpen, wo die parthenogenetische Rasse fest- 
gestellt Worden ist. Wie friilier (S. 435) erwahnt wurde, koininen die 
beiden Rassen in Lunz am See nebeneinander vor; die bisexuelle Rasse 
erwies sich als diploid und die parthenogenetische als triploid. 

Es ist klar, dass die bisexuelle Rasse bei alien diesen Arten als ur- 
sprlinglich zii gelten hat. Diese Curculionidenarten bieten ein gules Bei- 
spiel dafiir, wie eine spater entstandene polyploide parthenogenetische 
Form sich in ganz neue Gebiete auszubi'eiten vennocht hat. Sehr auf- 
schlussreich in dieser Beziehung sind alle diejenigen Otiorrhijnchiis- 
Arten, von denen in den Alpen sowohl eine bisexuelle als auch eine 
parthenogenetische Rasse anzutreffen sind. Jahn (1941) erwahnt 8 
solche Arten, namlich: 

0. foraminosiis 0. azaleae 0. aiiricoimis 

O. chalcem 0. alpicola O. clirgsocomus 

0. scaher O, salicis 

Zu diesen sind noch wenigstens zwei Arten hinzuzufugen, namlich O.u/gcr 
und 0. gemniatiis, die beide in Lunz am See sowobl eine bisexuelle als 
eine parilienogenetische Rasse aufweisen. Die Verbreitung der beiden 
verschiedenen Rassen der zwei letztgenannten Arten ist jedoch nocb 
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nicht nailer bekannt. Dagegen isl die Verbreitung aller 8 von Jahn 
erwabntcn Arten besonders in den Ostalpen dank Professor Dr. K. 
Holdhaus sebr gut bekannt. 

Alls der Karte von Jahn (op. c.; vgk aucli Suomaeainen, 1945, 
S. 190) geht deutlich hervor, dass die bisexuellen Rassen der betreffen- 
den Otiorrhynchiis-Arien diejenigen Alpengebiete bewohnen, die wiili- 
rend der letzten Vereisung (der Wiirm-Eiszeit) eisfrei gewesen sind 
(»Massifs de refuge»). Eine Ausnahme macht nur 0. salicis, dessen 
bisexuelle Rasse heute auch in deni damals eisbedeckten Gebiet auftritt. 
Die parthenogenetischen Rassen aller Arten kominen wiederum fast 
ausnahmslos vor in Gebieten, die wahrend der Wiirm-Eiszeit von Glet- 
scliern bedeckt waren. Nach Holdhaus (1929, S. 979) gab es in den 
dstliclien und sudlichen Teilen der Alpen wahrend der letzten Vereisung 
ausgedehnte eisfreie Gebiete, in deren tiefen Lagen auch der Wald zu 
waclisen vermochte. Ganz wie heute gab es an den Ost- und Stid- 
raiidern der Alpen auch damals infolge der giinstigen Exposition be- 
sonders in geschlitzten TMern warme und trockne (xerothermische) 
Lokalitaten, auf welchen sich die sogar relativ warmefordernden Ver- 
treter der Alpenfauna die Eiszeit hindurch erhalten konnten. Die 
Fauna dieser Gebiete ist auch heute noch weit artenreicher und viel- 
gestaltiger als die der ehemals eisbedeckten, zeiitralen und nordlichen 
Teile der Alpen. Nach dem Riickzug der Gletscher sind die bisexuellen 
Rassen der in Frage stehenden Otiorrhynchus-Avien in diesen Gegenden 
zuriiclcgeblieben. Nur die parthenogenetischen Rassen haben sich in 
die wahrend der Eiszeit vergletscherten, klimatisch iingunstigeren Ge- 
biete auszLibreiten vermocht. Ganz entsprechende Verhaltnisse hat 
Seiler (1943) bei der Psychide Solenobia triquetrella in der Schweiz 
festgestellt. 

Jahn (1941, S. 370) erklart die verschiedene Verbreitung der bi- 
sexuellen und der parthenogenetischen Rassen so, dass »die Manucben 
ungunstigen Umweltverhaltnissen leicliter unterliegen als die Weibchen, 
die eine grossere okologische Valenz besitzen diirften. Damit darf das 
Auftreten weiter verbreiteter Arten in parthenogenetischen Formen in 
den hohen Lagen der Hochgebirge und des hohen Nordens erklart 
werden». Nach ihr (1, c.) ist es auch ohne weiteres verstandlich, dass 
»eine Rasse, die sich parthenogenetisch fortpflanzen kann, eine viel 
grossere Ausbreitungsfahigkeit besitzt als jene Formen, bei welchen 
zur Fortpflanzung Mannchen benotigt werden». 

Die verschiedene Verbreitung der beiden Rassen beruht m. E. jedoch 
nicht darauf, dass es die Parthenogeiiese an sich unmittelbar ermog- 
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lichte, luigunstigcre klimatische Verhaltnisse besser zu ertragen. Die 
Ursache ist eben in der den parthenogenetischen Formen eigenen Poly- 
ploidie zu suchen, die allerdings, wie auf S. 441 schon erwahnt wurde, 
gerade diirch die Parilienogenese ermogliclit wird. Es ist namlich sehr 
wahrscheinlich, dass die betret'fenden parthenogenetischen Rassen auch 
der genamiten Alpeii-O/iorr/ij/nchns-Arten polyploid sind. Bei 0. scaber 
imd 0. salicis habe ich das ja bereits festgestellt, wie oben angefuhrt. 
Die Polyploidie verandert die Reaktionsnorm und das Lebensoptimum 
der parthenogenetischen Basse, luid zwar oft gerade so, dass dieselbe 
in neue, klimatisch ungiinstigere Gegenden libersiedelt. Wie wir iins 
aber erinnern, warden in Lunz am See bei drei Otioriiii] nchus- Avieii 
sowohl eine diploide bisexuelle als eine triploide parthenogeiietische 
Basse gefundeu. Dies kann (wenigstens in bezug auf O. salicis) davon 
herruhren, dass die verschiedenen Rassen naturlich in ihrem gemein- 
samen Grenzgebiet nebeneinaiider vorkommen konnen. Auch wenn die 
polyploide parthenogeiietische Basse jiing ist und noch nicht genug Zeit 
gehabt hat, in neue Gegenden iiberzusiedeln, konnen die beiden Rassen 
an ein und demselben Ort gemeinsam leben. Ob die polyploiden 
Rassen der betreffenden Curculionidenarten auch in Lunz am See den 
diploiden bisexuellen gegenuber in bezug auf ilire Standortsanspruche 
verschieden sind, z. B. in hoheren Lagen leben, kann ich nicht ent- 
scheiden, weil diese verschiedenen Rassen leider erst bei der zytologi- 
schen Untersuchimg festgestellt wurden. 

Bemerkenswert ist, dass' die Verbreitungs verhaltnisse der poly- 
ploiden parthenogenetischen Tiere sehr an diejenigen mancher poly- 
ploiden Pflanzen erinnern; iiber diese Gegenseitigkeit sei des naheren 
auf die Anfllhrimgen von Suomalainen (1940 b, S. 115 — 116) und 
Vandel (1940, S. 95 — 97) verwiesen. Hier moge niir hervorgehoben 
werden, dass die Verbreitung der verschiedenen Formen von Bisciitella 
laevigata in den Alpen (Manton, 1934) in hohem Grade derjenigen der 
Otiorrhgnchus-Rasseii entspricht. Ganz ahnliche Verhaltnisse liegen 
z. B. auch nach Anderson, Woodson und Sax bei verschiedenen ameri- 
kanischen Tradescantia-Arien vor (Dobzhansky, 1941, S. 228). 

Oben ist bereits davon die Rede gewesen, dass es von OtiorrlujnchLis 
scaber wenigstens drei verschiedene Rassen gibt, namlich eine diploide 
bisexuelle, eine triploide parthenogenetische und eine tetraploide par- 
thenogenetische. Es erhebt sich die Frage, wie weit diese Rassen ver- 
breitet sind. Die bisexuelle Basse tritt nur in einigen ganz beschrankten 
Gebieten in den Ostalpen (Umgebung von Graz, Wechselgebiet, Kor- 
alpen und Burgeralm; vgi. Jahn, 1941, S. 367) auf. In den Osterreichi- 
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schen Kalkalpen (Lmiz am See) ist die Art triploid und in Filmland 
tetraploid. 

Wie weit diese verschiedenen parthenogenetischen Rassen verbreitet 
sind, kann in gewissem Masse aus der Grosse der in verschiedenen 
Gegenden eingebrachten Sammlungsexemplare geschlossen werden, die 
triploiden Exemplare sind namlich ein wenig kleiner als die tetraploiden 
(vgl. S. 440); irgendwelche sicheren Folgerungen konnen hieraus jedocii 
nicht gezogen werden. Einzelne Individuen beweisen in dieser Hinsicht 
nichts, es mussen mehrere aus demselben Ort vorliegen. Ich habe aus 
deni Riesengebirge und den Beskiden eine gauze Anzalil von 0. scaber- 
Individuen gesehen; sie scheinen in ihrer Grosse melir an die lunzisclien 
als an die finnischen Individuen zu erinnern. Dies weist darauf hin, 
dass die triploide Rasse wenigstens in den mitteleuropaischeii Gebirgs- 
gegendeii, vielleiclit auch anderswo in Mitteleuropa die vorherrschende 
Form von 0. s caber ist Es ist moglich, dass die Art in Mitteleuropa 
triploid und in Nordeuropa tetrajiloid ist. 

Eine endglUtige Entsclieiduiig dieser Frage sowie mancher anderen 
interessanten, aiif die Parthenogenese und Polyploidie der Riisselkafer 
bezuglichen Probleme ist erst moglich, wenn wir viel mehr als heute 
von den Ghromosomenverhaltnissen dieser Tiere in verschiedenen 
Gegenden wissen. 


3. DIE ENTSTEHUNG DER VERSCHIEDENEN RASSEN BEI 
DEN CURCULIONIDEN. 

Obwohl die Parthenogenese und die Polyploidie bei den Tieren sehr 
oft in Verbindung miteinander auftreten, konnen wir jedoch nicht ohne 
weiteres voraussetzen, dass sie gleichzeitig entstehen. Das zwischen 
ihnen bestehende Abhangigkeitsverhaltnis kann auch da von herriihren, 
dass die Parthenogenese bei Tieren die Polyploidie ermdglicht. Suclien 
wir nach den Ursachen der Polyploidie und Parthenogenese bei den 
Tieren, so mussen wir anderseits stets die oft geausserte Vermutmig in 
Betracht ziehen, dass diese bei den verschiedenen Formen in verschiede- 
ner Weise entstehen konnen. Vandel (1926, 1928, 1931) z. B. nimmt 
an, dass die Parthenogenese und die Polyploidie (Triploidie) bei Tri- 
clionisciis elisabetliae am wahrscheinlichsten gleichzeitig als Folge der 
Befruchtung eiiies abnornien diploiden Eies entstanden sind. Nach ihm 
bewirkt die auf diese Weise zustandegekommene Triploidie ein Unter- 
bleiben der Konjugation und der Reduktion im Ei, und es entsteht ein 
Vorkern, der keine Befruchtungsneigung zeigt. Infolgedessen entwik- 
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kelt sich das Ei parthenogenetisch. Bei Artemia saliiia (Artom, 1911, 
1931; Gross, 1932, 1935) und Solenobia triquetrella (Seiler, 1923, 
1927, 1942, 1943) ist die Parthenogenese jedoch sicher frliber als die 
Polyploidie eiiLstandeii, Von beiden diesen Tiereii keiint man eine di- 
ploide bisexuelle Basse, aus welcher die polyploiden parthenogenelischen 
Rassen diirch aiitoiniktische Vorgange entstanden sind. Aus Obigem 
geht liervor, dass die polyploiden parthenogenelischen Rassen der oben- 
erwahnten Tiere sowic die iibrigen friiher untersuchtcn entsprechenden 
Tierformen als aiitopolyploid festgestellt oder vorausgesetzt worden sind. 

Mil den Russelkafern sind bisher keine eigenllichen Versuche ziir 
Beleuchtung der Entslehung der verschiedenen Rassen aiigestellt wor- 
den. Ihre Zuchtung ist namlich recht schwierig, weil die meisten Ver- 
treter der Unterfamilien Otiorrhynchinae und Brachyderinae als Larven 
rhizophag unter der Erdoberllache lebeii. Was ich im folgenden vor- 
bringe, trligt darum lediglich den Charakter von Hypothesen. 

Versiichen wir es nun, die Entstehung der verschiedenen partheno- 
genetischen Gurculionidenrassen zu erklaren, so kommen zunachst zwei 
prinzipiell verschiedene Alteriiativen in Frage. 

Die diploiden bisexuellen Rassen sind bei den Russelkafern, wie 
auch bei den anderen parthenogenetischen Tieren, sicher ursprlinglich; 
die parthenogenetischen Rassen sind aus ihneii entstanden. Es ist in5g- 
lich, dass bei den Curculioniden ahnlich wie z. B. bei Solenobia tri- 
quetrella (Seiler, op. c.) aus der bisexuellen Basse zuerst eine diploide 
parthenogenetische hervorgeht, d. h. zunachst eine Veranderung der 
Vennehrungsart eintritt, ohne dass sich die Chromosomengarnitur ver- 
ilnderte. Dazu konnte jemand bemerken, man kenne bisher nur eine 
diploide parthenogenetische Gurculionidenart (Polijdrosus mollis), wah- 
reiid polyploide parthenogenetische Fonnen von insgesamt 15 Arten 
bekannt sind. Die Seltenheit der diploiden parthenogenetischen Rassen 
kann moglicherweise davon herruhren, dass sie wie die diploiden hi- 
sexuellen Rassen mancher Arten (z. B. Otiorrhijnchus scaber) iniierhalb 
ganz beschrankter Gebiete auftreten und darum schwer zu finden sind. 
Seiler (op. c.) hat die diploiden Rassen von Solenobia triquetrella, 
sowohl die bisexuelle als die parthenogenetische, in der Schweiz nur an 
wenigen Orten gefunden — alle in Gebieten gelegen, die entweder als 
Nunataker aus dem einstigen Vereisungsgebiet der Alpen aufragten oder 
in dessen iVussenrandzonen gelegen waren — wahrend die tetraploide 
parthenogenetische Basse weit verbreitet ist. Seiler halt die diploide 
bisexuelle Rasse fiir ursprlinglich. Aus ihr ist zuerst die diploide par- 
thenogenetische und aus dieser wiederum die tetraploide partbenogeneti- 
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sclxe Rasse entstanden. Es ist Seiler (1942, S. 517 — 518) bei seinen 
Versuchen in der Tat gelungeii, aiis der bisexiiellen Rasse eine partheno- 
genetische hez'vorgeheii zu lassen. Er hat neuerdings (1943, S. 696) 
auch eine Rasse gefunden, bei der die Parthenogenese fakidtativ ist. 
Die diploide partlieiiogenetische Rasse ist also bei Solenobia nur eine 
kurzfristige Zwischenstufe, liber welche aus der bisexiiellen Rasse eine 
tetraploide parthenogenetische entslanden ist. 

Bei den Russelkafern kann es sich mogliclierweise ahnlich ver- 
halten. Es ist moglich, class bei den Curculioniden auch diploide par- 
thenogenetische Rassen vorkommen oder vorgekommen sind, wenn 
auch in beschrankten Gebieten. Fagerlind (1944, S. 192 — 193) be- 
merkt, dass dieser Umstand, »dass vielen apomiktischen Polyploiden 
nicht aponiiklische oder nicht einmal sexuelle Diploide entsprechen,kann 
auf einer reinen Konkurrenzerscheinung beruhen. Ist eine Entspre- 
chung vorhanden, so macht diese oft den Eindruck, von Reliktcharakter 
zu sein. Sie ist auf eiii kleines Verbreitungsgebiet beschrankt und weist 
oft deutliche Zeichen auf, dass sie in Rlickgang begriffen ist, wahrend 
die apomiktische Polyploide einen vitalereii Eindruck macht und ein 
relativ grosseres Verbreitungsgebiet hat». Demnach liegt ja grosse 
Gefahr vor, dass »zunachst die diploiden Apomikten und dann auch die 
sexuellen Formen aussterben. Man hat daher wenig Moglichkeiten, sie 
anzutreffen». Meines Erachtens waren die eventuellen diploiden par- 
thenogenetischen Curculionidenrassen dem Solenobia-FaW entsprechend 
in denselben Gegenden zu finden wie die bisexuellen Rassen, also in 
erster Linie in niittel- und sudeuropaischen Gebirgsgegenden. Die zyto- 
logischen Verhaltnisse bei Polgdrosas mollis (Suomalainen, 1940 a 
und b) zeigen jedenfalls, dass es unter den Russelkafern wirklich auch 
diploide parthenogenetische Formen gibt. 

Es ist jedoch zu bemerken, dass der Ubergang von der bisexuellen 
Rasse zur parthenogenetischen bei den Curculioniden ganz andersartige 
Veranderungen im Chromosomenmechanismus als bei Solenobia vor- 
aussetzt. Die Chromosomenverhaltnisse von Solenobia triqiietrella 
(Seiler, op. c.) sind der art, dass der Dbergang zur parthenogenetischen 
Vermehrung verhaltnismassig leicht ist. Die Eier auch der partheno- 
genetischen Rassen dieser Art machen namlich zwei Reifungsteilungeii 
durch. Die normale Chromosomenzahl wird dadurch wiederhergestellt, 
dass nach den ersten Furchungsteihingen zwei Kerne miteinander ver- 
schmelzen. Die bei der Befruchtung vor sich gehende Verschinelzung 
der Kerne der verschiedenen Individuen, die Amphimixis, wird bei der 
Parthenogenese von Solenobia durch die Verschinelzung der Kerne des- 
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selben Individuums, diirch Automixis, ersetzL Die tetraploide Rasse ist 
wiederum aiis der diploiden parthenogenelischen gewlss auf die Weise 
entstaiiden, dass bei den ersteii Furchuiigsteiliingen niclit iiur ein, son- 
dern zwei aufeinaiiderfolgeiide Kernverschnielziingen eingetreten sind. 
Bei den Curculionideii liegt die Sadie anders. Weil bei ihiien die par- 
Ihenogenetischen Eier niir eine Reil'uiigsteilung, die Aquationsteilung, 
durdimadien, fallen bei ihnen, wenn die Vermehruiig parthenogenetisdi 
wird, die Tetradenbildung wie audi die Chromosomenreduktion giinz- 
lich aiis. 

Nehmen wir an,dass auch bei denCurculioniden zuerst diploide par- 
tbenogenetisclie Rassen entslehen, so konnten sidi aus jenen naturlich 
tetraploide durdi Verdoppelung der diploiden Chromosomengarnitur 
entwickeln. Die Entstehung triploider tind pentaploider Rassen dagegen 
ist auf diesem Wege schwer zu verstehen. Bei der Erorterung der 
Entstehung triploider Rassen konnte man ausser von einer diploiden 
audi von einer tetraploiden parthenogenetisdien Basse ausgeheii. Es 
ist zu bemerken, dass (Naheres auf S. 438) die Metaphasechromosonien 
in den Eiern mandier polyploiden Gurculioniden oft nidit in einer, 
sondern in inehreren Flatten auftreten, wenn auch derart, dass in jeder 
Platte im allgeineiiien ein oder iiiehrere voile Genome vorkomnien. Da 
diese Teilplatten zienilich weit voneinander entfernt liegen kdnnen, ware 
es denkbar, dass irgendein Genom von der aus den iibrigen Ghromo- 
somen bestelienden Gruppe imd somit auch von dem Kern des mit 
seiner Entwicklung einsetzenden Eies eiidgultig ausgeschlossen wiirde. 
Konnte man doch dadurch von einer tetraploiden Rasse leicht zu einer 
triploiden gelangen. 

Gegen eine solche Moglichkeit spricht jedoch ein schwerwiegender 
Umstand. Wenn das wirklich geschahe, so iniisste es z. B. von Oiior- 
rhynchus (IliMlis in Finnland sowohl triploide als tetraploide Individuen 
geben, da etwa 45 % von den Eiern der finnischen Individuen Teil- 
platten enthalten. Es sind aber alle bisher von mir untersiichten fimii- 
schen 0. diz5ins-Individuen durchgehends tetraploid gewesen. Die Ent- 
stehung triploider Rassen aus tetraploiden durch Teilplattenbildung ist 
also nicht wahrscheinlich. Der Umstand, dass 0. pupilkitiis-^ier init 
weit voneinander liegenden Teilplatten (S. 439) zu degenerieren begin- 
nen, deutet darauf bin, dass solche Eier nicht entwicklungsfahig sind. 

Es ware auch denkbar, dass eine triploide Rasse durch Kreuziing 
zweier anderer Rassen entstehen konnte. Seiler (op. c.) ist es gelungen, 
die diploide bisexuelle und die tetraploide parthenogenetische Rasse von 
Solenobia triquetrella initeinander zu kreuzen, wobei triploide Tndivi- 
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duen entstanden. Bei Solenobia kann jedoch wegen der weibliclien 
Heterogainetie der Schmetterlinge keine bestandige triploide Basse ent- 
stelien, denn die triploiden Individuen sind infolge des veranderten 
quantitativen V erhaltnisses zwischen Geschlechtsclaromosomen und 
Autosomen intersexiiell . 

Seiler (1945) hat neuerdings aiich ein triploides intersexuelles 
Freilandtier von Solenobia alpicoleUa gefiinden, das nach ihm am 
wahrscheinlichsten als Nachkomme eines uberreifen begatteten Weib- 
chens entstanden ist. In den Eiern der uberreifen bisexuellen Weibchen 
wird namlich die Ghromosomenzahl mogliclierweise durcli Automixis 
zur Diploidie aufreguliert; wird welter ein solcbes Ei bei der Ablage 
besamt, so resultiert die Triploidie und damit Intersexualitat. 

Weil bei den Curculioniden das Weibchen homogametisch ist, sind 
die triploiden Weibchen nicht intersexuell. Somit kdnnen bei ihiien 
bestandige triploide parthenogenetische Rassen vorkommen. Doch kann 
bei den Russelkafern cine triploide Basse als ahnliche Kreuzung wie bei 
den Solenobien nicht entstehen. Weil die Eier aller SoZejio5ia-Rassen 
zwei Reifungsteilungen durchlaufen, so sind die Eier eines tetraploiden 
Solenobia-W eihchens diploid; wird ein solcbes Ei besamt, so entsteht 
eine triploide Zygote. Die Eier der parthenogenetischen Curculioniden 
inachen dagegen nur die Aquationsteilung durch; in ihren Eiern findet 
also keine Chromosomenreduktion statt. Bei etwaiger Kreuzung einer 
tetraploiden parthenogenetischen Basse init einer diploiden bisexuellen 
miisste also eine pentaploide Basse entstehen. Eine solche wurde ja bei 
Bargnotus moerens in den Osterreichischen Kalkalpen gefunden (S.437). 
Eine triploide Basse konnte dagegen aus der Kreuzung einer diploiden 
parthenogenetischen Basse mit einer diploiden bisexuellen entstehen, 
denn dabei vereinigten sich eben ein diploides Ei und eine haploide 
Samenzelle. 

Das Vorhandensein pentaploider Rassen bei den Curculioniden 
deutet darauf bin, dass die parthenogenetischen Rassen sich in der 
Natur wirklich mit den bisexuellen kreuzen konnen. Die Entstehung 
einer pentaploiden parthenogenetischen Curcuiionidenrasse ist namlich 
am wahrscheinlichsten auf die Befruchtung eines tetraploiden Eies 
zuruckzufiihren (vgl. z. B. MiiNTZiNG, 1944, S. 633; Fankhauser, 1945, 
S. 36), und dies ware am leichtesten eben bei der Kreuzung einer tetra- 
ploiden parthenogenetischen Basse mit einer diploiden bisexuellen denk- 
bar. Und konnte sich einmal die diploide bisexuelle Basse mit poly- 
ploiden parthenogenetischen Rassen kreuzen, so Avare eine Kreuzung der 
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beiden diploiden Rassen, der bisexuellen mit der parthenogenetischen, 
nattirlich eher mdglich. 

Die relative Hauligkeit der triploiden parthenogenetischen Rassen 
- — ^ von den von inir nntersuchten parthenogenetischen Gurculioniden- 
rasseii oder -arten ist ja eine diploid, 11 sind triploid, 4 tetraploid und 
eine pentaploid — zeugt dal'iir, dass die Triploidie leichter als die 
hoheren Polyploidiestiifen entsteht. Dies konnte moglicherweise eben 
zuni Tell darauf beruhen, dass die beiden diploiden Rassen, well sie in 
denselbeii Gegenden vorkomnien, bessere Voraiissetzungen zur Kreuzung 
miteinaiider liabeii als eine diploide bisexuelle und eine polyploide par- 
thenogenetische, die oft verschiedene Gegenden bewohnen. 

Der Umstand, dass die hoheren Polyploidiestufen bei den Curculio- 
niden verhaltnismassig selten sind, kann wenigstens zum Teil aiich 
davon herruhren, dass entwicklungsphysiologische Bedingungen die 
obere Grenze der Polyploidiestiife ziemlich niedrig halten. 

Bemerkenswert ist, dass der Kreuzung verschiedener Rassen auch 
keine morphologischen Hindernisse im Wege stehen, denn Szekessy 
(1937, S. 579 — 581) hat festgestellt, dass der Bauplan des weiblichen 
Kopulationsapparates wenigstens einiger polyploiden parthenogeneti- 
schen Curculionidenformen (z. B. Otiorrhyncliiis ovatus) » keine sekun- 
daren Modifikationen aufweist, sondern dass er trotz der abgeanderten 
Fortpflanzungsweise seine ursprungliche Ausgestaltung beibehalten 
hat». Ferner ist zii benierken, dass die jungen weiblichen Imagines bei 
sowohl bisexuellen als parthenogenetischen Gurculioniden in ihren 
Ovarien noch nicht reife Eier haben. Somit hatten auch die partheno- 
genetischen Weibchen vor der Eiablage genug Zeit, mit Mannchen der 
bisexuellen Rasse zu kopulieren. Was die sich eventuell kreiizenden 
Rassen betrifft, konnten m. E. als solche ausser den verschiedenen 
Rassen derselben Art vielleicht auch solche nahestehender Arten in 
Frage kommen. Im letzteren Fade hatten wir es nicht mehr mit Auto- 
polyploidie, sondern mit Allopolyploidie zu tun. 

Eine zweite, von der im vorhergehenden erorterten prinzipiell gaiiz 
verschiedene Moglichkeit, die Entstehung der polyploiden partheno- 
genetischen Gurculionidenrassen zu erklaren, ware die Annahme, dass 
die Parthenogenese und die Polyploidie bei den Gurculioniden gleich- 
zeitig entstehen. Bei den Amphibien ist festgestellt worden (Naheres bei 
Fankhauser, 1942 und 1945), dass extreme Temperaturbedingungen — 
sowohl nach oben als nach unten hin — in den abgelegten, sich im 
Metaphasestadium der 2. Teilung befindlichen Eiern die 2. Reifungs- 
teilung verhindern, wodurch diploide Eier entstehen. Wenn solche Eier 
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befruchtet sind, entwickeln sie sich zu triploiden Tieren. So kann z. B. 
rasche Temperaturerniedrigung wahrend der Laichzeit dazu fiihren, 
dass auch in der Natur triploide Individuen entsteben. 

Fankhauser (op. c.) hat auch eiiiige tetraploide und einige penta- 
ploide Urodelenlarven gefunden. Die Entsteliung der ersteren Ivonnte 
uach ihm (1945, S. 42) so erklart werden, dass die extrenien Tempe- 
raturbedingungen die Trennung der Teilungsprodukte der Ghromoso- 
men in der 1. Furchuiigsteilung des normalen befruchteten Eies ver- 
hindern, wodurch die diploide Ghromosomengarnitur verdoppelt wird. 
Ein pentaploides Tier wiederum kdnnte durch Befruchtung eines tetra- 
ploiden Eies entsteben. »A tetraploid gamete may originate in various 
ways, e. g., by suppression of both maturation division and inclusion 
of all tetrads in a single nucleus» (1945, S. 36). Bei den Amphibien 
fiihrt die Polyploidie jedocb nicht zu Partbeiiogenese. 

Es ist nicht ausgeschlossen, dass auch bei den Gurculioniden etwas 
Ahnliches geschieht. Die Eiitstehung polyploider parthenogenetischer 
Gurculionidenrassen als Folge soldier Ereignisse setzt jedocb not- 
gedrungen voraus, dass gleichzeitig mil der Polyploidie eine solche Geii- 
kombination entsteht, die sowohl das Ausbleiben der Tetradenbildung 
und der Chromosometireduktion, also das Ausbleiben der einen von den 
zwei Reifungsteilungen, als die parthenogenetische Entwicklung des 
Eies verursacht. Es ist zu bemerken, dass die iinhefruchteten Eier des 
Seidenspinners, Bombijx niori, nach einer kurzen Warmebehandlung 
sowohi iiur eine einzige Reifungsteilung durchlaiifen, die eine Aqiia- 
tionsleilung ist, als sich parthenogenetisch entwickeln (Astaurov, 
1940). 


Es ist mir eine angenehme Pflicht, der Kaiser Wilhelm- Gesellscliaft 
zur Forderung der Wissenschaften fiir die wertvolle Einladung, als 
Gast der Gesellscliaft in ihren Instihiten zu arbeiten, nieinen aufrich- 
tigen Dank auszuspreclien. Diese Einladung ermoglichte es mir auch, 
wahrend eines Moiiats in der Biologischeii Station Lunz der Kaiser 
Wilhelm- Gesellscliaft zu arbeiten, woselbst der grdsste Teil des bier 
behandelten Materials eingesammelt ist. Besonders daiike ich deiii 
Direktor der Abteilung H. Bauer am Kaiser Willielni-Institut fiir Bio- 
logic, Herrn Doktor Hans Bauer, der mir sowohl wahrend unseres 
gemeinsanien Aufeiithalts in Lunz am See als wahrend nieines gaiizen 
Deutschlandsverweils stets grdsste Freundliclikeit erwies, desgleichen 
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dem Direktor cler Biologischen Station Lunz, Herrn Professor Dr. 
Franz Ruttner, fiir seine Flilfsbereitschaft wahrend meiner Lunzer 
Tage. 


SUMMARY. 

The present investigation deals with the chromosome relations of 
thirteen bisexual and ten partbenogenetic weevils, Gurculionidae. 

All the investigated bisexual species — they all belong to the genus 
Otiorrhynchiis — have tlie same chromosome number (2n = 22). The 
males are heterogametic, belonging to the XY type; the females are 
homogametic. In all species bivalent formation takes place normally. 
In them, chiasmata are clearly visible and become symmetrical and ter- 
minalized simultaneously with the contraction of the chromosome. 
Consequently, typical rod-bivalents with one terminalized chiasma, and 
ring-bivalents with two chiasmata, are formed. 

All the parthenogenetic weevils dealt with here are polyploid. 
Among them there are triploid, tetraploid and pentaploid species. 
Otiorrhynchiis niger (from the Austrian Alps), O. scaber (from the 
Austrian Alps), 0. singularis (from Helsinki and Berlin), 0. salicis (from 
the Austrian Alps), 0. siilcatus (from lielsinki), 0. gemmatiis (from the 
Austrian Alps), Sciaphiliis asperatiis (from Berlin) and Strophosomus 
melanograinmiis (from Berlin) are triploid. Oiiorrhynchiis piipillatus 
(from the Austrian Alps) is tetraploid and Barynotiis moerens (from the 
Austrian Alps) pentaploid. The egg-cells pass through one maturation 
division only, which is equational. In most parthenogenetic species the 
chromosomes at the metaphase of the maturation division may be 
arranged in two or even three different plates, each plate containing 
one or more complete sets of chromosomes. 

Including the weevils studied by the author previously (SuoMA- 
LAINEN, 1940 a and b) the chromosome number of 17 parthenogenetic 
species and races is known. Of these 1 is diploid, 11 triploid, 4 tetra- 
ploid and 1 pentaploid. 

Three species, viz. Otiorrhynchiis niger, 0. salicis and 0. gemmatus, 
occur in the Austrian Alps (in Lunz am See) as well as a diploid bisexual 
as a triploid parthenogenetic race. 

Of Otiorrhynchiis scaber, a triploid parthenogenetic race is met with 
in the Austrian Alps and a tetraploid parthenogenetic race in Finland. 
It is possible that the former is distributed over Central Europe (at 
least in mountains) and the latter over North Europe. Of this species, 
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too, a bisexual, probably diploid race is known from some localities in 
the East Alps, 

Of such Otiorrhynchus species as occur in the Alps both as a bi- 
sexual and a parthenogenetic race, the bisexual race is usually met with 
in habitats which were free from ice during the Wlirm Glaciation 
(»Massifs de refuge»). The parthenogenetic race, again, is distributed 
in areas which were then covered with ice. This depends at least 
mainly on the polyploidy of the parthenogenetic races. The same 
cause has also been active elsewhere in giving the parthenogenetic races 
a distribution different from that of the bisexual races. 
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STUDIES ON THE CAMPHOR REACTION 

OF YEAST 

BY ALBEnr LEVAN 

CENTRAL LABORATORY, STOCKHOLM BREWERY CO., STOCKHOLM, AND 
CYTO-GENETIC LABORATORY, SWEDISH SEED ASSOCIATION, SVALOF 


I. INTRODUCTION* 

I T has long been known that various Saccharomyces species under 
certain conditions may change their normal mode of growth and 
propagation. Instead of a bud growing out, which is abstricted after 
having reached a certain size, an oblongate tube is formed which is not 
separated from the mother cell. Brewers and technical workers have 
often observed such so-called involution forms in aging yeast cultures 
in connection with the autolysis phenomenon. 

One factor which has been found to be of importance for the 
cellular shape of yeast is the temperature. Usually it has turned out 
that colder conditions favour a longer and narrower cell-form, while 
warmth causes the cells to become rounder and isodiametric. Hansen 
(1886) shows that low temperature may give rise to associations of 
mycelium-like cells in such Saccharomyces species as, under high tem- 
peratures, give rounded, solitary cells. Zikes (1920) studies the influence 
of temperature on different yeast genera and observes changes in cell- 
shape, »Modifikationen, d. h. fliichtige Varietaten», if the yeast is 
cultivated under abnormal temperatures. These aberrants disappear 
again after a short period of optimal temperature. lie points out that 
the typical reaction is that at low temperature the yeast partly acquires 
a longer cell-shape, partly shows a tendency to hang together in colonies. 

Certain yeast species are also characterized normally hy long and 
narrow cells which preferably grow in colonies. Also within species 
which normally have a rounded cell-shape and live as solitary cells 
there may be found genotypes with greater or less tendency to grow 
like the former type. Thus, in Saccharomyces aiioinahis, hy selecting 
one hypha-bearing cell Barber (1907) succeeded in breeding a strain 
which continued to maintain this quality. The cells formed hyphae 
at the end of which normal cells could again hud off. 

On comparing haploid and diploid yeast of the same genotype 
Lindegren (1944) found that the haploids showed greater tendencies 
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to iin extended hyplia-like growth: » Extremely thin elongated cells are 
also found in haploid cultures. Much of this variation is simply due to 
environmental conditions. Both bloated cells and long, thin cells are 
generally characteristic of haploid cultures. Many haploid cultures 
show a predominance of one or the other type, but these types are 
generally absent from diploid cultures » (1. c., p. 157). 

Segal (1938, 1939) observed a regular appearance of morphological 
aberrations in the yeast cells after treatment with fusel oil and certain 
higher alcohols. He describes abnormal budding giving rise to cell- 
chains, where mother cells and daughter cells do not separate, and 
also deals with the origin of oblongate cells, beacher-like cells, etc. 

The first worker to be able experimentally to produce a high and 
regular frequency of these aberrant involution forms is Baugh (1941). 
He describes the peculiar behaviour of the yeast cells under influence 
of camphor as follows: »Lasst man Campherdampfe auf die liefe ein- 
wirken . . so zeigt sich bei geeigneter Dosierung ein uberraschender 
morphogenetischer Einfluss dieser Substanz. Nach anfanglicher Wachs- 
tumshenimung beginnt ein Teil der uberlebenden Zellen keimschlauch- 
ahnliche Auswiichse zu bildeii, die schliesslich zu kleinen, meist bi- 
zarren Mycelien auswachsen . . . Die Reaktion wird sowohl vom rechts- 
drehenden natiirlichen Camphei’, wie vom racemischen synthetischen 
Gampher ausgelost. Dagegen sind alle bisher untersuchten Campher- 
derivate und dem Gampher nahestehenden Verbindungen wirkungslos 
geblieben» (1943 a, p. 46). 

By taking progeny from camphor-treated cells Bauch has also 
succeeded in producing giant and super-giant types of yeast, which he 
considers to be polyploids. Although he has not obtained the typical 
camphor reaction with any other substances, he reports the induction 
of polyploidy after manifold different treatments with c-mitotic, 
carcinogenic and growth-promoting substances. In a later paper 
(1943 b) Bauch shows the origin of constant giant races after radium 
irradiation as well. 

With the use of Bauch’s technique Subramaniam (1945) induced 
mycelium growth in yeast and also obtained tetraploid and octoploid 
cells. Thaysen and Morris (1943) have induced giant growth and 
probable tetraploidy in Torulopsis iitilis by using camphor. They also 
found a similar response after treatment with some other camphor 
derivatives. 

Since 1942 a co-operation has been going on between the Central 
Laboratory of the Stockholm Brewery Co. and the Cyto-genetic Labor- 
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atory of the Swedish Seed Association. Special attention has been 
directed to the camphor reaction and the conditions for the origin of 
natural involution forms. Thus, Levan and Sand wall (1943) deter- 
mined the effective concentrations of camphor and borneol in giving 
camphor reaction. Later on I tested a fairly large number of chemicals 
as to their » camphor activity Although great differences in efficiency 
were found between different substances, I found some activity in al- 
most all of them, independently of their chemical constitution. Various 
circumstances, however, such as lethality and toxicity often make the 
demonstration of the reaction difficult. A short report (Levan, 1944) 
gives some data concerning the camphor activity of aliphatic alcohols. 
This paper is an attempt to put the camphor reaction into its wider 
connection with other similar vital reactions. 

Studies on this problem have gone on for different periods. The 
experimental work has been done at the Central Laboratory and the 
cytological analysis at Svalof. My conclusions of 1944 have gained 
further support. The present paper will give the material underlying 
the conclusions, as far as it has appeared up to now. The empirical 
rule which various workers have found to be valid in toxic and narcotic 
reactions, viz. a correlation between certain physical properties of the 
substances and their activity, has been studied in my experiments 
on yeast. 

The present work is based on experimental series with a certain 
yeast clone, viz. the commercial variety of beer yeast (bottom yeast) of 
the Stockholm Breweries. As culture medium use has been made 
of the standardized type of wort generally used at the Central Labor- 
atory. The possibly somewhat unfavourable condition of using wort 
instead of a synthetic culture medium in this kind of work was thought 
to be counterbalanced by the great advantage that the normal be- 
haviour of the yeast in question in this wort type was studied and well- 
known long ago and that this wort is known to furnish optimal con- 
ditions for the yeast. In each substance tested the yeast was treated 
with a series of concentrations from saturated solution down to such 
dilutions as do not give any visible effect. In some series the rather 
comprehensive manner of proceeding described by Levan and Sand- 
wall (1. c.) was employed, each treatment being made in 100 cc of 
wort, the cell numbers being counted on different occasions in 
Burker's counting chamber. Many experiments were more orientating 
and were made in wort quantities of 10 cc in small Freudenreich 
flasks. The poison effect was often estimated qualitatively without any 
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exact counts. It was realized that such estimations could be made 
fairly correctly if slides with the treated yeast were compared with 
slides from the control cultures. Exact cell numbers given below are 
always based on countings in Barker’s chamber, ^ho mm^ having been 
counted on each occasion. When determining the frequency of camphor 
colonies each colony was recorded as one »individual» irrespective of 
its cell number. 

Of certain substances that did not give lethal effect in saturated 
solution even solutions with various excesses of undissolved substance 
were tested. It was already known from our treatments with camphor 
and borneol (Levan and Sand wall, 1. c.) that an increased amount of 
precipitate may give an increased effect of both, camphor reaction and 
toxicity. Similar conditions are also found in certain c-mitotic treat- 
ments (Levan and Ostergren, 1943, pp. 389 — 390). 

The present investigations have been financed by the Stockholm 
Brewery Co., and the co-operation between the Central Laboratory and 
the Cyto-genetic Laboratory has been constantly supported by Dr. 
Harry Lundin, Scientific Leader of the Stockholm Brewery Go., and 
Professor Ake Akerman, Director of the Seed Association. The staff 
of’ the Central Laboratory has in every way helped my work, and I am 
especially indebted to Mr. G. G. Sand wall, microbiologist, and Mr. 
E. Sandegren, chief chemist of the laboratory. Drs. E. Steinegger 
and G. Ostergren have read the manuscript. 

11. THE MORPHOLOGY OF THE CAMPHOR REACTION* 

1. CELLULAR MORPHOLOGY* 

The opinion of Bauch that the camphor reaction is a property 
peculiar to camphor has not been found to hold true. The reaction is 
induced by most organic substances tested, aliphatic, alicyclic, mono- 
cyclic aromatic. In my experiments bicyclic and polycyclic aromatic 
compounds, among which, it is true, only few have been tested, have 
been without visible effect. The general type of the reaction is subject 
to considerable variation between different substances and groups of 
substances. It only rarely grows as complete and extreme as in camphor. 

In accordance with the practice at the colchicine reactions, which 
are induced by a great many substances besides colchicine but are 
nevertheless suitably called c-mitosis and c-tumoiir reaction, I will here- 
after refer to the present reaction as the camphor reaction or, ab- 
breviated, the cf-reaction even when it is caused by other substances 
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than camphor and when its type deviates from the typical camphor 
effect in narrow sense. I will thus discuss cf-forms, cf-celLs, cf-colonies, 
cf -tendencies, cf-activity, and so on. 

The common feature in the complex of deviations from the normal 
cell growth induced by the cf-reaction is the condition that the bud cell 
does not as normally loosen from the mother cell but grows further 
still connected with the mother cell. Under the influence of cf-siib- 
stances, consequently, associations of cells are formed which cannot be 
brought apart even by heavy shaking of the culture bottle. These 
associations may in extreme cases grow out into macroscopically 
visible cf-colonies with thousands of cells (see, for instance, Levan and 
Sandwall, 1943, the microphoto Fig. 1 ii). The yeast actually changes 
into a colony-forming organism. 

This hanging together into colonies is no doubt caused by a dis- 
similarity in the development of the bud cell of the cf-forms as com- 
pared with normal budding. This deviation in the formation of the 
bud cell is striking in extreme cases. Fig. 1 d, / shows the budding of 
an untreated cell. The canal between the mother cell and the hud 
rapidly narrows down into a thin j)assage. Fig. 1 i — I pictures the 
same stages under the influence of camphor. The corresponding canal 
is often broader and in extreme cases (Fig. 1 ii, y), there is no con- 
striction at all. The new cell is then started as a hyi^ha-like tube, in 
the interior of which transverse cell- walls may later on develop. 

Under advanced narcosis the tube may grow on apically into a 
long, wide hyplia. This may later he divided by cell-walls into an 
irregular row of cells. Camphor, tertiary butanol and a few other 
substances cause the development of such formations. Most substances, 
however, do not narcotize the growth control so deeply. It may he noticed 
that the tubes make attempts to delimit single cells during their growth. 
It consequently originates numerous shallow constrictions of the tube, 
which will show a more or less regular undulation of its outline. 
Propanol has in my experiments given e.specially pronounced undul- 
ations (Fig. S: 21 — 23). The portions of the lubes delimited by Ihe 
constrictions may later on form separate cells and may even be liberated 
from the colony. After certain treatments the tube may grow forward 
under iterated turns to both sides, thus developing a more or less 
regular zigzag tube or in some cases a clear spiral tube. Such tubes 
are formed by normal butanol (Fig. 3:^4 — 37). More irregularly 
growing cf-tubes may form unilateral swellings, as sometimes observed 
in pentaiiol (Fig. 3: 51 — 52). ■ 
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Besides the more tube-like cells there may be induced cellular 
growth in all directions, spherical, vesicular or pumpkin-like cells 
originating. Often the basic part of these cells is larger, which results 
in flask- or pear-like formations. Ether and acetone induce this type 
of growth (Fig. 4 a — m). These inflated cells may become very large 
and may alternate within the cf -colonies with thinner, tube-like cells. 
In some cases the cf-cells start as tubes, but are soon divided into 
smaller, rounded cells of a normal cell-shape. Chloroform, ethanol and 
urethane give such colonies (Fig. 18, Fig. 4y). They resemble 
bunches of grapes, and only in the outskirts of the colonies are tube- 
cells found. 

The aromatic substances have in common the feature that the 
cf-reaction induced by them is hard to demonstrate. There seldom 
occur the long tubes which are typical of many aliphatic treatments. 
The cell form of cf-forms of benzene, for instance, is more or less 
rounded even if it is often tube-like from the beginning (Fig. 2). 

It is of some interest to note that at the same time as the yeast 
cliangcs into a colony-forming organism its individual cells disclose an 
evident bipolarity. The oldest or basal part of a cell thickens, and from 
this part only seldom do new tubes grow out. First the apical part of 
the cell grows on, thereafter new lateral tubes are initiated around the 
apex of the original cell. These lateral axes of the second order grow 
out, and from them later on tertiary axes are formed. A growth 
pattern of a certain regularity may be seen. Its type is similar to those 
met with in related colony-forming yeast species. Gf-forms of such 
regular constitution have been found after treatment with chloroform 
(Fig. 4 p) and chloral hydrate (Fig. 4 r, s]. It must be pointed out, 
however, that this schematic pattern is found only in ideal cases, many 
irregularities occurring. Tubes may grow out also from the middle or 
basic part of the cells; the first cell influenced by the cf-reaction may 
grow out at both ends, resulting in a bilateral colony, or it may form 
several tubes, resulting in a more radiary colony. 

I want to stress the extreme variability in type and the complex 
nature of the cf-reaction. If it is, as I assume, a narcosis of the normal 
growth, it may be as complicated as normal growth itself. The control 
of the many different functions which constitute the normal growth 
may become switched off in fractions different in different substances. 
When judging the individual cases it is necessary to take into account 
the relative position of the activity threshold for cf-action and the 
toxicity and lethality thresholds. 
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The c-tumonr reaction of root tips makes an interesting parallel 
to the cf-reaction: in both cases it is a question of a disturbance of the 
normal cell growth. At the c-tumour reaction, cells which normally 
grow in length more than breadth will under the influence of narcotics 
grow more or less isodiametrically. The cf-reaction causes cells that 
are normally elliptic to grow out into cylinders or tubes. The c-tumour 
reaction also shows variations in its morphology, depending on which 
substance has been employed. Colchicine, for instance, brings about 
small well-defined tumours in Allium roots, while acenaphthene gives 
more undefined, gradually swelling tumours. As a comparison the 
manifold variations and nuances shown by different narcotics in their 
action on animals may also be recalled. 

2. NUCLEAR MORPHOLOGY. 

Owing to the drastic changes in cellular shape and cellular volume 
induced by the more efficient cf-substances it is to be expected that the 
nuclear conditions are also disturbed in the cf-cells. Bauch makes 
comparisons between the effect of camphor with that of colchicine on 
higher plants. This is also justified on the basis of his results: he 
obtained now and then single colonies with larger cells, which after- 
wards maintained their larger cell-size through many generations. No 
investigations on the nuclear cytology of the cf-forins were made by 
Baugh, however, nor have such studies been made elsewhere. 

It may be mentioned, however, that Segal (1939) made some 
efforts to investigate the nuclei of his aberrant yeast cells induced by 
higher alcohols. He found abnormally shaped nuclei of fixed and 
llEiDENHAiN-stained material showing a folded or lobated shape (Segal, 
1939; Fig. 8). 

Since it has been shown that cellular divisions go on even after 
long treatment with cf-substances, it is a priori excluded that any per- 
manent or complete colchicine effect can be imposed on yeast by 
camphor and the other cf-substances. G-initosis holds up the nuclear 
divisions and as a consequence also the cellular divisions. 

As I considered it a vital point in these investigations to be able to 
observe directly the behaviour of the nuclei, I have devoted much work 
on attempts to bring about analysable nuclear stainings in yeast. Using 
the technique of WiNGE and Laustsen (Winge, 1935, pp. 104 — 105), I 
tested different fixatives and different pre-treatments. I found Garnoy, 
Benda, Flemming, Merkel, Navashin and Zenker capable of giving 
fairly good results. The pre-treatment with sodium hydroxide recom- 
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mended by Winge may improve the results considerably. Feulgen 
gave the securest results as a stain, but crystal violet and haematoxyline 
could also give favourable stainings. FeulgeN followed by staining in 
gentian violet may give quite good contrast, the nuclei being stained red 
violet while volutine granules and other stainable components of the 
cell take a pure blue stain. 

The fixation and staining both of untreated yeast and of cf-cells 
are, however, always whimsical. The casual state of the culture and 
other factors out of control seem to play an important role. After a 
great deal of work it was evident, however, that the yeast nuclei consist 
of a number of distinct bodies, which go through the mitotic stages in 
the same manner as chromosomes. Especially at late metaphase in- 
dividual chromosomes may be visible in side view, their centromeres 
evidently not yet having been divided. One chromatid is then directed 
towards each pole, the centromeres seem to have more or less terminal 
position (Fig. 1 e, 2 i). The chromosomes at this stage resemble small 
meiotic bivalents. There is a strong tendency of the chromosomes at 
all stages to stick together into one or two bodies. The low chromosome 
number earlier published for yeast (e. g., Badian, 1937; Sinoto and 
Yuasa, 1941) may have been influenced by such fusions. After the 
anaphase separation the two daughter groups of chromosomes tend to 
be strongly coloured, and each of them may form one or two distinct 
bodies that often give the impression of a chromosome number of two 
or four. I have sought very carefully for good metaphase plates, but 
even in well-stained material most metaphases are not analysable. Often 
the chromosomes form a ring on a hollow spindle (Fig. Id). The 
tendency of the chromatic material to gather in the periphery is found 
also ill resting nuclei (Fig. 2 c, /). 

Not even in the best metaphase plates I have come across 
(Fig. 1 a — d) is it possible to give an exact chromosome number. Some 
facts seem certain, however. The chromosome number is higher than 
has been generally assumed, ten being a minimum number. Size differ- 
ences among the chromosomes are often noticed. In some slides two 
chromosomes seem larger than the rest (Fig, 1 c). In other slides, how- 
ever, very clear plates have been seen without these ‘two large chromo- 
somes. Probably the size of the chromosomes is liable to variations 
owing to variable action of the pre-treatment in NaOIi, The size of 
the smallest observable chromosomes is at the limit of what is visible 
in the microscope (about 0,i fi). It is quite possible that more of the 
small chromosomes are present than I have been able to demonstrate. 
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It is also possible that the larger chromosomes are built up from smaller 
ones sticking together. In the size-class of these chromosomes, and 
with the rather faint stainings even at their best, the details seen must 
always be taken with great caution. 



Fig. 1. The caryology of normal yeast and cf-forms. a — e\ untreated yeast; 
/ — o: yeast grown on wort-agar with camphor content; p — bb: yeast grown in wort 
with tertiary butanol; a — d: normal metaphases, e normal anaphase; / — 1: various 
mitotic stages in giant cells; g — h: metaphases with doubled chromosome number; 
m — bb\ various nuclear disturbances found during advanced cf-growth; a—o: 

Feulgen, p — bb: acetocarmine. — X 2500 (s: X 1200). 
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The nuclear conditions of the cf-forms were first studied on yeast 
grown on agar prepared from wort solutions of known camphor content. 
The outgrowing giant colonies were smeared on slides and fixed and 
stained in the same way as untreated yeast. In the giant colonies thus 
produced the majority of cells are always found to be of the normal 
type, but they are intermingled with a certain frequency of cf-cells. 
Most of the cells have normal nuclear conditions. About the same 
chromatin amount is present as in untreated material. The separate 
chromosomes may be estimated to ten in the camphor-treated cells also. 

After such treatment, however, it is noticed that the cell-size varies 
more than usual even among the normally formed cells. I found that 
some of the large cells had larger nuclei than normally, and in some 
favourably fixed giant cells it was possible to demonstrate the doubled 
chromosome number of at least 20 (Fig. 1 g, h). These are evidently 
chromosome-doubled cells, and the chromosome doublings are in- 
dependent of the tube-like cf-growth. Such cells look quite viable; no 
doubt they may give rise to tetraploid strains if isolated. In the ceil 
population of the giant colony, however, the tetraploid cells are in such 
low frequency as to make it very improbable that they can stand the 
competition with normal diploid cells. The mechanism of their doubling 
cannot be known with certainty. The tetraploid cells have normal 
mitosis with full spindle activity. If they have been induced by c-mitosis, 
this must have been transient, only affecting one mitotic cycle. Since 
it is known that the yeast has the ability of rapidly acquiring a certain 
resistance towards cf -treatments, especially if the concentration of the 
active substance is immediately above the threshold value, it is perhaps 
not absolutely inconceivable that one mitosis may become narcotized, 
but that the cell after that again lakes command over its mitotic 
mechanism, the subsequent mitoses being normal. The other possibility 
for the origin of tetraploidy is an endomitotic process. Unfortunately, 
the nature of the material impedes any close study of the details of 
these processes, so a decision on this point must rest so far. 

The main interest in this material centres in the real outgrowing 
cf-fonns. In the beginning, during the first week of treatment, the 
mitoses of even extreme cf-cells are seen to proceed normally, spindle 
disturbances being exceptions. In many cases it was possible to estimate 
the chromosome number within the cf-forms. Usually it was normal 
diploid. Often it occurred that the nuclei of the cf-cells were more 
diffuse than neighbouring normal cells, they took the stain more faintly 
and, generally speaking, showed indications of being in a deeper resting 
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condition than the other surrounding cells. This may suggest the 
possibility of an endomitotic mechanism. When the chromosomes are 
again stainable, there is often found in the more advanced cf-fornis a 
higher chromosome number than normally, 4x, 8x or still higher. 
Usually the spindles are functioning normally. Only in a few cases 
(Fig. 1 m — o) were there found indications of clear spindle disturbances, 
such as several nuclei lying close together and clearly showing variable 
chromosome number. 

In the autumn of 1943 I made a number of acetocarmine slides 
of yeast grown 2 or 3 weeks on wort with different cf-substances. 
These slides contained a great frequency of much more advanced cf- 
forms than the above FEULGEN-slides. The acetocarmine slides were 
stored, which could be done because the acetocarmine employed con- 
tained glycerol. In 1946 I re-investigated these slides, finding, as might 
have been expected, that the cells had taken so much stain as to be 
quite blackish-purple. In some of them, however, I faintly saw some 
darkly stained bodies resembling nuclei. I accordingly put the slides 
in 45 % acetic acid in order to wash out the excess of stain. Thereafter 
the slides were made permanent by mounting in Canada balsam. If 
was found that the cell form had remained almost unchanged during 
this procedure. In some of the slides fairly good nuclear stainings 
were present. Especially one slide, treated a fortnight with 0,2 mol/1 
tertiary butanol, showed excellent staining. In this slide I learned more 
about the chromosome conditions of the cf-forms than in the several 
hundreds of earlier FEULGEN-slides, although, broadly speaking, the 
nuclear disturbances met with in this acetocarmine slide agreed with 
those earlier studied. They were, however, more frequent and more 
extreme. 

The chromosomes were undoubtedly somewhat more swollen than 
alter ordinary fixation and staining, which may not be entirely dis- 
advantageous considering the small size of the chromosomes. The cells 
were also decidedly larger than after the other fixation methods. I 
found that I had interpreted correctly the chromosome form and size in 
the earlier slides. Here there were often found single chi'omosonies 
lying free in the plasm and furnishing a good opportunity to study the 
chromosome shape and size. Almost all cells in this slide represented 
very extreme cf-disturbances. The nuclear conditions were highly ir- 
regular, instances of cells from this slide being pictured in Fig. 1 p — hb. 
It was noticed that the synchronization between cellular growth and 
mitosis was often distiirbed. Thus, in the periphery of the colonics 
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there were very often no nuclei present, although the constrictions of 
the cell-wall indicating the limits of the future cells were fully prepared. 
The mitotic activity was evidently lagging behind the cellular growth 
(Fig. 1 s). In the more centrally located cells, on the other hand, it was 
not unusual with four or more large nuclei in one cell (Fig. 1 ij). The 
nuclear size was highly varying. Often two very large nuclei with 
many chromosomes in each and two decidedly smaller nuclei were 
present in one cell (Fig, 1 m). In this case it could be inferred from the 
mutual positions of the nuclei and from spindle fibres remaining be- 
tween each pair of nuclei that the larger two represented telophase of 
one mitosis and the two smaller ones of another mitosis. The distance 
between the telophase nuclei was in this and in other cases roughly 
proportionate to their size, the larger nuclei lying decidedly more apart 
than the smaller ones. The spindle has perhaps a certain size relation 
to the number of chromosomes participating in a mitosis. Ordinarily 
all spindles were located in the longitudinal direction of the tube cells, 
but very small nuclei could develop their spindles transversally. 

It has a certain interest here to be able to demonstrate that even at 
such an advanced stage of cf-growth the spindles function and do so 
rather regularly. The anaphases, it is true, all showed serious disturb- 
ances, lagging chromosomes, multipolarity, formation of restitution 
nuclei, and so on. Sometimes the entire nuclear material was scattered 
out over the whole cell (Fig. 1 n, the upper cell). In this case a decided 
tendency to an arrangement of the chromosomes in pairs could be seen. 
This cell might represent a c-metaphase, and the pairs may be c-pairs. 

Since certain objections may be raised against the use of aceto- 
carmine in the staining of yeast chromosomes, this stain not being so 
selective a nuclear stain as desirable, I decided lo repeat the stainings 
of similarly treated cultures by the Feulgi^N leclmique. In Ibe summer 
of 1946 some cultures were put in various concentrations of tertiary 
butanol and of benzene. Samples of the cultures were centrifuged 
every second day during the treatment. Feulgen slides were prepared 
from the sedimented cells. The slides of both types of treatment 
showed normal mitoses during the first ten days mostly, although the 
typical cf-forms occurred as usual. Not until the 12th and 14th day 
did distinct nuclear disturbances begin to be frequent. Especially some 
lixations from the 16th day of a culture treated with a strong benzene 
concentration ( 0 ,oi 2 mol/l) gave an abundance of mitotic disturbances, 
allowing an analysis of the nuclear behaviour during the cf-growth. 
(Here as elsewhere in the present paper »the first day» refers to oh- 
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servations 20 — 24 hours after the beginning of the treatment, »the sec- 
ond day» means a treatment of two days, and so on.) 

Fig. 2 shows some cells from this treatment. A inicrophoto of a 



Fig. 2. Yeast cells treated for 16 days with 0,012 mol benzene, showing various 
mitotic disturbances, chromosomes scattered outside the nucleus (a — e, j — it), vaga- 
bond chromosomes .(/ — 7i), accessory spindle (/), multipolar telophase {I — o); 

Feulgen. — X 3500. 

view field from a similar treatment has already been published in a 
preliminary communication to Nature (Levan, 1946). In this micro- 
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photo some of the commonest types of irregularities were gathered. H: 
is seen from tlie present Fig. 2 that exactly the same type of disturbances 
are found here as in the aceto-carmine slide described above. The 
control in Feulgen can thus be said to have strengthened the con- 
clusions drawn above. Also here there occur nuclei of dissimilar size, 
some being many times the size of untreated nuclei. Often solitary 
bodies, strongly suggestive of chromosomes, are scattered outside tlic 
nuclei. What increases tiie impression of chromosomes is the often 
occurring clear doubleness of the bodies: it looks as if single chromo- 
somes had divided in their abnormal position. In some cases two groups 
of chromosomes or two nuclei are situated one at each end of a cell 
with one single or one double body lying between them (Fig, 2 (;, h), 
evidently laggards from the foregoing mitosis. Altliough the spindle 
structures are not stained by this technique, differences in refraction 
in some cases gave clear evidence of spindles. In Fig. 2 i, for instance, 
one spindle with five dividing chromosomes was observed outside a 
nucleus. Pictures such as Fig. 2 I, o are strikingly similar to multipolar 
telophases, such as are often seen in higher plants, for instance after a 
weak c-mitotic influence. 

As already pointed out above, a special inleresl is attached to the 
solitary chromatic bodies lying outside the denser clusters of nuclear 
material. Benzene acts upsetting on the mitotic spindles, which under 
normal conditions keep the chromosomes crowded together. The result 
is that the chromosomes are scattered out, allowing the study of single 
chromosomes as well as of the two daughter halves of one chromo- 
some. Thus, an opportunity is given, which seldom occurs normally 
in yeast, to observe single chromosomes. It appears that the chromo- 
some size is decidedly smaller than has been assumed by those workers 
who have given a low chromosome number for yeast. The chromo- 
some size established by studying this treated material is, instead, in 
good agreement with the size of the smallest single bodies found in the 
best fixations of untreated material. As mentioned above, in such 
material a chromosome number of at least ten was counted. While in 
this untreated material there was always a suspicion, even in llie 
clearest cases, that these bodies were not entirely free from each other 
but might be chromomeres belonging to larger chromosomes, this ben- 
zene-treated material clearly shows that they really are free chromo- 
somes, which may be present entirely separated from each other. The 
only other alternative is in my opinion that the treatment has effected 
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some fragmentation of chromosomes. This alternative seems less likely 
considering the regularity in the arrangement of the free bodies. 

Summing-up the results of the caryological analysis of the cf-forms, 
it may be stated that the drastic changes in cellular shape induced by 
the cf-substances are also accompanied by considerable deviations from 
normal conditions in mitosis. There has been observed a highly in- 
creased chromosome number of individual nuclei. Mitotic disturbances, 
although rare in the beginning, later on occur regularly. Whether 
the increase observed in chromosome number is brought about by a 
transient c-mitosis or by an endomitotic process has not been decided. 


III. THE ALIPHATIC ALCOHOLS. 

In this and following chapters (III- — VI) a systematic account is 
given of the experiments performed with the various substances. When 
possible the threshold values of lethality, toxicity and cf-reaction are 
recorded at the end of the description of each substance. Characteristic 
morphological features in the development of the cf-forms are also 
mentioned. Each group of substances is concluded with a brief general 
discussion. 


1. METHANOL. 

a. Orientating experiment (Vo, 43). — Concentrations: 0,oi- — 2 mol/l. 
After 2 days the cells were still living in 2 mol, but no development 
occurred. In 1 and 0,5 mol almost exclusively cf-growth occurred after 
20 hours, on the 2nd day 1 mol still held many cf-forms, but in 0,5 mol 
most cells were now normal. Weak tendencies to cf-reaction were 
perceived in 0,2 and 0,i mol. All except 2 mol were in fermentation on 
the 2nd day. 

b. New series (*V], 44). — Concentrations: 0,i — 2 mol. In this 
experiment true cf-forms were found only in 2 mol. Tendencies to 
cf-growth were also seen in 1 mol. 2 mol was not lethal, but the 
fermentation was very much retarded. On the 17th day this concen- 
tration was fermenting, however. 

The cf-forms of this alcohol were not extreme (Fig. 3: 1—14). On 
the 2nd day the cells of the concentration 2 mol were narrow and 
oblongate. The buds were often tube-like. Later on the cells were 
often rounded off. The number of cells in each cf-colony was never 
especially high. In one count the colonies contained 2 — 10 cells 
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(Table l). The outgrowing tubes often had a somewhat undulated out- 
line (Fig. 3: 7, S), 

Tested zone: 0,(ii — 2 mol 

Lethality: None 

Toxicity: 2 mol 

Cf-reactiou: ((),;■)- — 1 ) — 2 mol. 

2. ETHANOL* 

a. Orientating experiment (®/o, 43). — Concentrations: 0,()i — 2 mol. 
Ill 2 mol the cells did not show any development during the experiment, 
this culture never coming into fermentation. 1 mol showed cf-growth, 
after 2 days rather large cf-colonies of 20 — 30 cells were seen. 0,5 and 
0,2 mol also gave tendencies to cf-growth. 

b. 'New series ("‘Vi, 44). — Concentrations: 0,i — 2 mol. The results 
were similar to the former ones, hut the frequency of cf-forms was 
lower. The only concentration with any considerable frequency of 
cf-tonus was 1 mol after 20 hours. After 2 days this culture had also 
passed over into a phase showing preponderantly normal ceils. All ex- 
cept 2 mol came into fermentation in 2 days. 2 mol did not show 
fermentation during the entire experimental period, which was 15 days. 

c. Testing o[ the zone 1 — 2 mol ('^7i? 44), — Concentrations: 6, 7, 
8, 9, 10, 11, 12 volume % (l,o — 2,o mol). In this series cf-forms were- 
observed in the following treatments: 

6 % after 20 hours and 2 days 

7 » » 20 » , 2, 3 and 7 days 

8 » » 20 :> , 2, 3 » 7 » 

9 :> 7 and 12 days 

6 — 8 % thus gave cf-forms in the beginning of the experiment, 9 % gave 

cf-forms later on. 10 — 12 % showed no development during the 15 
days of the experiment. 

The general type of the cf-forms was similar to that of methanol 
(Fig. 3: 15 — 18). One long tiihe-like hud grows out without separating 
from the mother cell. Often this tube from the beginning or gradually 
develops a great many constrictions (Fig. 3: 16*, 17), later on delimiting 
separate cells. In that way long rows of cells arise. 

Especially in the higher concentrations a long period of treatment, 
7 clays or more, brings about the origin of large colonies of the grape- 
cluster type (Fig. 3: 18). 
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Tested zone: 0,()i— 2 mol Toxicity: 1 — 1,7 mol 

Lethality: 1,7—2 » Gf-reactioii: 1 — 1,5 >? 


3. PROPANOL, 


Both normal and iso-propanol were tested with concentration series 
from 0,02 to 2 mol (“Vi: 44). Both showed little development in 1 — 2 mol. 
The iso-form seems to be a little less toxic than the normal form. In 
the former one cf-forms started growing out after 2 days in 1 mol, in 
the latter one no growth occurred in this concentration until after 7 
days. 0,5 mol of the iso-form allowed full fermentation after 2 days, 
while 0,5 mol of the normal form gave no fermentation in 15 days. 
At that time it was not dead, however, but contained a decided cf- 
growth. In the normal form 0,2 mol is the highest concentration allow- 
ing fermentation in 2 days. A similar difference between the normal 
and the iso-form is apparent in the cf-reaction also. Cf-forms are found 
in 0,1 — 0,5 mol of the normal and in 0,2 — 0,5 mol of the iso-form. 

The appearance of the cf-forms is characteristic (Fig. 3: 19 — 25). 
A maximum in the aliphatic series is here reached concerning the un- 
dulated outlines of the cf-cells. Complicated such types were found, 
for instance, in 0,5 mol of the normal form after 16 days (Fig. 3: 22). 



Normal 

Tested zone: 

0,02 — 2 

Lethality: 

1 —2 

Toxicity: 

0,5 

Cf-reaction: 

0,1 0,5 


Iso 

0 , 02 — 2 mol 
2 

0,5 1 ''•> 

0,2 —0,5 » 


4. BUTANOL, C^H.OH, 

a. Normal, primary [CHs ‘ CHy • CHy • CH 2 OH), orientating experi- 
ment (Vo, 43 ). — Concentrations: 0,oi — 2 moL In 0,5 — 2 mol the cells 
were killed. Gf-growth occurred in O,05 — 0,2 mol. Thus, 0,i showed 
after 2 days 100 % cf-forms, while 0,2 mol had only little development 
and 0,05 mol had predominatingly normal growth. The latter concen- 
tration had 100 % cf-growth after 20 hours. 

b. Normal, primary, new series ("7n 44). — Broadly speaking, 
similar results: 0,2 still had very little development after 6 days; prob- 
ably most cells were killed. Cf-forms were found in 0,oi — 0,i mol. 

The cf-forms of this alcohol (Fig. 3: 26 — 37) were often large and 
contained irregularly shaped cells. Their general type is more extreme 
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than in lower alcohols. Large, rounded, oviform or piriform cells are 
formed, from which long hyphal threads take their origin. The distal 
tubes are not seldom turned in spirals, which may sometimes be sur- 
prisingly equal (Fig. 3:,?// — 37), If the origin of bead-like tubes in- 
dicates a series of intermittent impulses to normal growth, the spiral 
structure may indicate a more continuously acting asymmetric impulse. 

c. Normal secondarij butanol {CH,, ■ CH. • CHOH • CHs) 45). 
^ Concentrations: 0,oi — 0,5 mol. While the cells in 0,5 mol did not show 
any development, 0,2 mol was in full fermentation after 2 days. Only 
0,2 mol had any considerable number of cf-forms. 

d. Iso-biitanol [(CHa )2 ’ CH ■ CH^OH] 44). — Concentrations: 

0 , 01 - — 2 mol. Conditions resembled those of normal hutanol (above, b): 
0 , 2 — 2 mol showed lethality. The toxic effect may have been somewhat 
less than in the normal form. Cf-forms occurred in 0 ,o 2 — 0,i mol. 

The cf-forms had the same type as in normal butanol, or were even 
somewhat more irregular (Fig. 3: 38). In the same colony large, in- 
flated cells alternated with long thin tubes. It occurred that the tube- 
cell grew out from the middle of the mother-cell and not distally as 
usual. Sometimes two tubes grew out from the same end of one cell, 
as was observed to happen also in normal butanol (Fig. 3: 36). These 
V-shaped cf-forms are still more common in tertiary butanol (Fig. 
3:39— /f 2). 

e. Tertiary butanol [(CHiJs * COH], orientating experiment (^/g, 43). 
— Concentrations: 0,()i — 2 mol. The cells were killed in 1 — 2 mol. 
0,5 mol gave poor development, but small cf-tubes grew out in 2 days. 
They were narrow and twisted, and the cells showed poor viability. In 
0,1 — 0,2 mol there was 100 % cf-growth after 20 hours. 0,i mol already 
returned to mostly normal growth after 2 days. Single cf-forms also' 
occurred now and then in 0,u5 mol. 

f. Tertiary butanol new series (“7ij 44). — Same concentrations 
and, broadly speaking, same results as the foregoing. Cf-forms occurred 
in 0,02 — 0,5 mol, especially numerous and well-developed cf-forms were 
seen in 0,i — 0,2 mol. 

The cf-growth of this alcohol is typical in appearance as well as in 
completeness. The long, thin hyphae hang together in large colonies 
in which the cells form an airy and porous tissue. The colonies often 
r each a size that they may he seen macroscopically as cotton -like lumps 
swimming in the culture fluid. Among all the alcohols studied this is 
the one which most easily gives cf-growth. Its active zone is imusually 
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wide, which is connected with the rather high position of the lethality 
limit. 



Normal 

primary 

Normal 
second a ly 

Iso 


Tertiaiy 

Tested zone: 

0,01—2 

0,01—0,5 

0,01— 

-2 

0 , 01 — ^2 mol 

Lethality: 

0,2 —2 

0,5 

0,2- 

-2 

1 —2 » 

Toxicity: 

O.os — 0,1 

No 

0,05— 

- 0,1 

0,1 —0,5 » 

Cf-reaction: 

0,01—0,1 

p 

1 

p 

0,02— 

- 0,1 

0,05 0,5 » 


5. PENTANOL, 

a. Iso-peiitanol (“7i> 44). — Concentrations: 0,oo5 — 0,5 mol. Above 
0,1 mol lethality. Gf-growth occurs in ( 0 , 005 ) — 0,oi — 0,05 mol. Numerous 
but little developed cf -forms were found in O,05 mol after 20 hours. At the 
same time 0 ,o 2 mol had preponderantly normal cells; only 10 % cf- 
forms were seen. This concentration was the highest one giving lull 
fermentation in 2 days. 0,o5 mol did not get into fermentation mitil 
after 17 days. After 2 days 0,o2 mol contained many complicated cf- 
colonies. These fell apart later on, so after 5 days only few-celled cf- 
forms were met with, and after 17 days most of the cells were normal. 

The cf-forms of pentanol were characteristic. In the strongest 
concentration, 0,o5 mol, they were little developed (Fig. 3:45 — 49). 
They consisted of one rounded cell with one to three narrow tubes. 
Sometimes the tube made an effort to round itself off into a more 
normal bud cell, often evidently without success. It then continued 
growing out into a thin tube, the proximal, basic part of which showed 
a spherical swelling (Fig. 3: 47, 45). In lower concentrations (0,u2 mol) 
a special type of cf-forms occurred having broad, somewhat indented 
cells with irregular outline (Fig. 3: 50 — 52). Certain cells of these cf- 
forms could form wide, curved tubes with small irregular humps, the 
whole cell being reminiscent of a maple seed. This type occurred in 
two separate experiments with iso-pentanol, but has scarcely been 
observed elsewhere, so it may be characteristic of this alcohol. 

b. Tertiary pentanol [Amylene hydrate, (CHs)., • C{OH) ' CTh. * C/fJ 
43). — Only very preliminary results are available from this 

substance. After a test in a moist chamber resulting in positive cf- 
reaction one series of concentrations between 0,ooi and 2 mol was ar- 
ranged. After 20 hours 0,5 — 2 mol had killed the cells, 0,i — 0,2 mol 
showed cf-growth, 0,2 mol in a high degree (87 % ). 
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Iso 

Tested zone: 0,oq5 — 0,5 
Lethality: 0,i — 0,5 

Toxicity: O ,02 — 0,o5 

Cf-reaction: 0,oi — 0,05 


Tertiary 
0,ooi — 2 mol 
0,5 — 2 » 

0,2 0,5 » 

(0,l) 0,2 0,5 » 


6. OCTANOL, 

a. Orientatmg experiment (®/a, 43). — Concentrations: 0,ooi — 0,2 
mol. 0,05 — 0,2 mol had a killing action. In 0,o2 there occurred little 
development, but the cells showed clear cf-tendencies before dying. 
Typical cf-forms were found in 0,oo5^ — 0,oi mol. Even in 0,oo2 clear cf- 
tendencies were perceivable after 24 hours. 

b. New series 44). — Concentrations: 0,ooi — O,05 mol. The 
results were in agreement with the preceding series, but in this series 
0,oo5 mol was almost lethal, cf-forms being found only in 0,oo2 mol and 
single ones in 0,ooi mol. The cf-forms are less developed in this alcohol 
than in the former ones. Usually they consist only of one cell with an 
outgrowing tube, larger colonies not being formed. It is evident that 
the threshold of cf-growth lies rather close to the toxicity threshold, 
which has the result that any decided cf-growth can occur only in one 
concentration step without almost total lethality. 

Tested zone: 0,o(n — O,05 mol 
Lethality: (0,0115) — 0,oi — 0,05 mol 

Toxicity: 0,oo2 — 0,oo5 mol 

Cf-reaction: 0,oo2 — 0,oo5 — (0,oi) mol. 


7. LAURYL ALCOHOL (DODECANOL, 

Of this as of the following alcohols only qualitative tests were 
made with saturated solutions. Five cultures were put within the 
saturated zone with different excess of undissolved substance. The 
quantity of substance in these cultures corresponded to 0,ooi — 0,oi mol. 
In none of these tests did total lethality occur. The often encountered 
phenomenon that the lethality percentage increases with increasing ex- 
cess of precipitate in saturated solution is very clear: 

Excess corresponding to a concentration of: 0,ooi 0,oo2 0,oi mol 

Lethality fo 38,7 84,4 88,2 

Fermentation after 2 days H-+ + — 

In none of the cultures were any typical cf-forms found, although a 
general tendency to elongated cell-growth was common. 
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8. HIGHER ALCOHOLS. 

a. Cetyl alcohol (Hexaclecanol CiqHs^OH). — Only one solution 
was tested, viz:, saturated solution with excess of precipitate. This 
proved perfectly harmless to the yeast cells, which showed a lethality 
of only 6 fo and entered into full fermentation in 2 days. The tendencies 
to cf-groAvth were somewhat more definite than in the preceding. No 
more developed cf-colonies were found, however, although simple 
involiilion forms were common. 

b. OctadecanoU C^Mv.iOH, — One saturated solution with excess 
of precipitate was tested. Lethality: 2,2 full fermentation in 2 days. 
Like the preceding one it showed a certain tendency to cf-growth, al- 
though less pronounced than this. 

9. SURVEY OF THE ALIPHATIC ALCOHOLS. 

Certain interesting points are apparent on surveying the experi- 
mental results of the different alcohols investigated. As is well familiar 
from many experiments and is stated in the so-called rule of the 
homologous series of Richardson, the activity of the alcohols increases 
with increasing number of C-atoms. This has been pointed out for the 
alcohols several times, for instance, by Segal (1. c.) concerning the 
alcohols tested by him. Even more than the number of C-atoms, how- 
ever, the water solubility of the alcohols gives a picture of their toxicity 
(Righet’s rule). Lethal concentrations of the different alcohols met 
with in the present experiments may be roughly correlated with the 


solubilities in the following 

manner : 


Solubility 

Lowest lethal 
concentration 

Number of 
alcohols tested 

oo 

1 

5 

1 

0,2 

3 

0,3 

0,1 

1 

0,01 

O,005 

1 

< 0,ooi 

no lethality 

3 


The lethality threshold sinks up to a solubility of 0,oi. Below that 
there appears the well-known » cut-off » in toxicity, which depends on 
the lethality threshold lying above the solubility; concentrations strong 
enough to act lethally cannot be attained (cf. Ferguson, 1939). 

Another measure of the toxicity may be had from an estimation of 
the time period necessary for a culture to reach full fermentation. 
The control cultures, normally, were fermenting after 2 days. Below 
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are given the liighest concentrations of each treatment allowing tull 
fermentation in 2 days; in these cultures consequently no significant 


toxicity can be present: 

Methanol 1 mol 

Ethanol 1 » 

Iso-propanol 0,5 » 

Normal propanol : 0,2 » 

Tertiary butanol 0,2 » 

Normal and iso-butanol 0,o5 » 

Iso-pentanol 0,02 » 

Octanol 0 ,oo 2 » 

Lauryl, cetyl and octadecyl alcohol Saturated solution 


This estimation of the fermentation is, of course, rather inexact. It 
would have been preferable to determine the fermentation intensity by 
quantitative methods. Exact cell counts for determining the rapidity 
of growth of the cultures were undertaken and might have been used 
for measuring the toxicity. Since the present experiments are largely 
of an explorative nature, however, I prefer not to press the results too 
hard. For the present a rough estimate of the main lines seems to be 
sufficient. In determining the toxic zones in the preceding paragraphs, 
the decrease in cell number in comparison with the controls was taken 
into account for each tested substance. 

The main interest of this investigation has been directed to the cf~ 
reaction. In Table 1 a record has been made of the concentrations of 
the different alcohols which have given any certain frequency of cf» 
forms after 20 hours. It is seen that all alcohols have shown at least 
tendencies to cf-growth. They certainly all possess activity, though 
their efficiency is highly variable (the terms » activity » and » efficiency » 
are used in the same meaning as in Ostergren, 1944, pp. 434 — 435). 
The correlation between cf-activity and water solubility is evident. 

The efficiency of a substance for inducing a certain reaction may 
be judged in difJ’ereut ways. The effective concentration zone, 
measured as tlie number of concentrations in a certain dilution series 
which have given the reaction, is one measure. The maximal frequency 
of cf-forms attained in a substance is another. The number of cells 
present in the individual cf-colonies is a third measure. These measures 
may be found in Table 1, and it is seen that they are correlated to each 
other. Not taking into account the different isomeres of each alcohol, 
the following is found: 
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TABLE 1. The cf -reaction of the aliphatic alcohols. 
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Number of con- 

Maximal per- 

Average ceil 

Alcohol 

centrations with 

centage of 

number in each 


cf-forms 

cf-forriis 

cf-colon^f 

Methanol . 

1 

60,7 

4,5 

Ethanol . . 

1,5 

60,0 

3,4 

Propanol . 

2 

92,9 

3,7 

Butanol . . 


100 , 0 

5,8 

Pentanol . 

4 

100 , 0 

4,4 

Octanoi . . 

2 

4,3 

3,5 


A fourth criterion of the efficiency of a substance may be had by 
studying the cell-shape within the cf-colonies. Gf-colonies of long 
hyphae with parallel or irregular outlines must be considered more 
deeply narcotized than such as have undulated walls or such as have 
tubes alternating with normal cells. 

It will be seen that all these criteria point to a maximum of 
efficiency at 4 to 5 G-atoms: 4 concentrations give effect, 100 % of the 
cells may turn into cf -for ms, the average number of cells in single cf- 
colonies was about 5, the cell-shape of the cf-forms in butanol and 
pentanol is extremely elongated. Tertiary butanol even exceeds cam- 
phor in this respect. 

IV. OTHER ALIPHATIC SUBSTANCES* 

1. ETHYL ETHER* 

a. Orientating experiment (Vo, 43). — Goncentrations : 0,oi — 2 mol. 
The concentrations, however, are probably somewhat inexact, since the 
experiment was performed in test tubes closed with corks. The eva- 
poration of the ether may not have been effectively checked. Killing 
concentrations: 1 — 2 mol; cf-growth occurred in 0,i — 0,5 mol, in 0,5 
almost to 100 %. 

1). New series (V 2 , 44). — Goncentrations: 2, 3, 4, 5, 6, 7 volume % 
(about 0,2 — 0,7 mol). This experiment was made in soda water bottles 
with air-proof stoppers. All except 2 % showed a high degree of 
lethality after 20 hours, 2 % had a lethality of 48 This concen- 
tration started to ferment weakly after 2 days. After 6 days 4 — 7 % 
were all dead, 3 % showed no development but contained living cells, 
2 % had come into lively fermentation. 

Gf-forms were found occasionally in the lethal concentrations, a 
certain cf-growth having started before death. Only 2 % showed any 
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high degree of cf-growth: after 1 and 2 days it held almost 100 % cf- 
forms. The type of cf-forms (Fig. 4 a — /) was consistent in both ex- 
periments, Both long hyphae and large bottle-shaped or vesicular cells 
were formed. These latter may swell up into a considerable volume 
(Fig. 4 rf, /), exceeding that of the cf-cells of the aliphatic alcohols. 

Tested zone: 0,oi— 2 mol 
Lethality: 0,i — 2 » 

Toxicity: 0 , 2 — 0,4 » 

Gf-reaction: 0,i — 0,3 » 


2. ACETONE* 

a. Orientating experiment (Vo, 43). — Concentrations: 0,oi — 2 mol. 
Lethality: 2 mol. In 1 mol the development is checked, but after 2 
days living cells are still found. Gf-forms are found in 0 , 2 — 0,5 mol. In 
0,1 mol tendencies to cf -growth are found, hut the cells are prepon- 
derantly normal. After 2 days large and complicated cf-forms were 
found in 0,5 mol. 

b. New series (Vi, 44). Concentrations: 1, 2, 3, 4, 5 volume % 

(0,14—0,(58 mol). 5 % showed no development, 4 % gave weak fer- 
mentation after 5 days and then contained quite large cf-forms. 3 % 
gave little development in 2 days, most cells showing cf-growth. In 
five days this concentration was in full fermentation, and it then con- 
tained mostly normal cells. 1 and 2 % fermented already after 2 days. 
These two contained 2,7 % and 58,7 % cf-forms respectively after 
20 hours. 

The cf-forms of acetone have a characteristic type (Fig. 4 g — n) 
resembling the cf-forms of ether. Quite long tubes are formed, which 
often begin to swell up into large pumpkin- or pear-like formations. 
These large cells may often take an irregular, indented outline (Fig. 
4 m) directly indicating lacking growth control. The largest cells often 
take especially strong staining in aceto-carmine, which may point to 
sublethality. 

Tested zone: 0,oi — 2 mol 

Lethality: 2 » 

Toxicity: 0,4 — 1 » 

Gf-reaction: 0,2 — 0,5 » 
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3. CHLOROFORM. 

a. Orientating experiment (Vo, 43)* — Concentrations: 0,ooo5— 0,i 
mol. Lethality: O,05— 0,i. 0,o5 gave some tendencies to cf-growth be- 
fore dying. O ,02 gave a considerable frequency of cf-forms after 20 



Fig. 4. Outline drawings of cf-fonns induced by various aliphatic substances: ethyl 
ether (a — /), acetone [g — n), chloroform (o, p), paraldehyde {q, w), chloral hydrate 
(r — t), urethane (u — y, ,r — r). — X 500. 


hours, but after 2 days normal cells preponderated. Traces of cf-growth 
were seen in O,t)05 — 0,oi mol. 

b. New series (V 2 , 44). — Concentrations: O,05, 0,io, 0,i5, 0 , 2 o, 0,25, 
0,30 volume % (0,oo6 — O,04 mol). After 20 hours 0 , 2 o — 0,3o % was dead, 
as were the majority of cells in 0 ,iq — 0,i5 0,o5 % showed a lethality of 
52 % and a rather high proportion of cf-forms. This concentration 
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began to ferment weakly after 2 days and reached full fermentation in 
5 days. None of the stronger concentrations were then yet fermenting. 

The cf-forms (Fig. 4 o, p) are initiated as tubes, but often develop 
into a more rounded form. The cells may acquire a rather normal 
shape but are larger than normally. The average type of cf-form is 
less striking than in ether and acetone. Chloroform is less efficient as 
cf-substance, since it acts toxically in those concentrations which give 
the reaction. This may also be the cause of the less extreme form of 
the cf- cells. 

Tested zone: (),ono5 — 0,i mol 
Lethality: 0,o2./- — 0,i' » 

Toxicity: 0,oo6 — 0,oi » 

Gf-reaction: 0,C()5 — 0,i]i » 


4. PARALDEHYDE, 

a. Orientating experiment (Vo, 43). — Concentrations: 0,oo2 — (),ri 
mol; lethality: 0,2 — 0,5 mol; cf-reaction: 0,05 (only solitary cf-forms) 
and 0,1. 

b. ISeiv series (V2, 45), ■ — Concentrations: 0,5, l,o, 1,5, 2,o volume % 
(0,(14 — 0,15 mol). None of these concentrations was lethal. 2 % was the 
only one which did not get into fermentation in 2 days. It was in weak 
fermentation, however, after 5 days. Cf-forms were found in 0,5 — 1,5 %, 
although rather infrequently. 

The cf-forms are not very advanced (Fig. 4 q)] often they consist 
only of one large cell and one outgrowing tube, often of the same 
breadth as the mother cell. A rather high frequenc}" of giant cells with 
normal cell-form were found. 

Tested zone: 0,o(i2 — 0,5 mol 

Lethality: 0,2 - — 0,5 

Toxicity: 0,t — 0,t5 :> 

Gf-reaction : (0,(i5 ) — 0,i — 0,t5 mol. 

5. CHLORAL HYDRATE. 

a. Orientating experiment (Vo, 43). — Concentrations: 0,ooi — 0,2 
mol. Lethality: 0,2 mol. Also 0,i showed no development in 2 days, 
but the cells were not dead. 0,o2 — 0,o5 mol had a high frequency of 
cf-forms after 20 hours, 0,oi had mostly normal cells although with 
clear cf-tendencies. 
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b. Two complementary concentrations (V2, 44). — 0,oi and O,06 mol. 
Both showed high frequency of cf-forms. The general development of 
the cultures was slow, 0,o4 mol fermented after 3 days. 

The cf-forms, easily produced in several concentrations of this 
substance, were often of a rather extreme type (Fig. 4 r — t). Long 
hyphae grow out and are retained as cells, from which new lateral 
hyphae are sent out. A certain regularity in the structure of the cf- 
colonies was thus acquired, as already discussed above in the general 
chapter. 

Tested zone: 0,001 — 0,2 mol 
Lethality: 0,2 » 

Toxicity: O,02 — 0,i 

CLreaction : (0,oi ) — 0,02 — 0,i mol. 

6. URETHANE* 

a. Orientating experiment (%, 43). — Concentrations: 0,oi — -2 mol. 
Lethality: 1 — 2 mol. 0,n gave no development, some living cells remained 
after 2 days. In 0,2 mol there occurred plenty of cf-forms after 1 and 
2 days, 0,i mol had cf-forms only after 1 day, after 2 days the cells 
were again normal. 

The cf-forms have an interesting type (Fig. 4 ii — u, x — z). Very long 
hypha-tubes may, it is true, be found now and then, but these usually 
later on give rise to many small more or less rounded cells. After 2 
days in 0,2 mol, for instance, numerous cf-colonies of 20 to 40 cells were 
found, all cells in the interior of the colonies being spherical (Fig. 4y). 
They hang together even after heavy shaking and may be compared 
with the cf-colonies after long treatment with ethanol (Fig. 3: 18). After 
some time the colonies tend to fall apart, and it is then seen that the 
size of the cells is very varying and that their outlines are often quite 
irregular. 

Tested zone: 0,oi — 2 mol 
Lethality: 1 — 2 » 

ToxiciU^: 0,2 — 0,5 » 

Cf-reaction: 0,i — 0,2 » 

7. VERONAL, AD ALINE AND SULFONAL. 

These three substances — veronal (diethylbarbituric acid), adaline 
’( a bromo-a-ethyl-but^Tyl urea) and sulfonal (diethjd-sulfon-di-inethyl- 
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urethane) — resemble each other in that saturated solutions do not give 
lethalit}^ and only little poison effect. Their cf-reaction is not very 
pronounced. In the strongest concentrations small groups of cells occur. 
The cells of these groups are often somewhat elongated in shape and 
are often larger than normally. In veronal I found a low percentage 
of developed cf-forms with distorted tube-like cells. 

Veronal Adaline Sulfonal 

Tested zone: 0 ,ono 5 — 0,os 0,0()n().5 — 0,oi 0,oooi — O ,02 mol 

Gf-reaction: 0,o8 0,()i 0,o2 » 

In these concentrations the cf-reaction is only partial, the majority of 
the cells being normal. 

8. A FEW OTHER SUBSTANCES* 

Some data may be given for a few substances in which only pre- 
liminary and incomplete experiments have been made. Trichlorethylene 
and acethyleiie tetrachloride have been studied in the zone 0,oo3 — 0,03 
mol. The latter substance gave cf-forms in 0,oo3 mol, which was the 
only concentration in the series permitting any development. Ihvo 
halogen-substituted alcohols were studied, both used in practice as 
soporifics, viz. aver tin (tribronio ethyl alcohol) and chloretone (trichloro- 
ter^-butylalcohoL Both gave typical cf-reaction in some concentrations. 


Avertin Chloretone 

Tested zone: 0,ooi — 0,i 0,oi — 0,C8 

Lethality: 0,o2 — 0,i 0,o3 — O,08 

Toxicity: 0,oi 0,02 

Cf-reaction: 0,n(i2 — -0,005 0,oi — 0,02 


9. SURVEY OF THE ALIPHATIC SUBSTANCES OTHER 
THAN THE ALCOHOLS* 

All substances studied gave at least tendencies to cf-reaction in some 
concentration. The correlation between activity and water solubility, 
pointed out concerning the alcohols, is met with also here. The lethality, 
for instance, behaves in the following manner: 


Substance Soliibilitj^ 

Acetone 

Urethane 11,25 

Ether, chloral hydrate, paraldehyde . . ± 1 
Chloroform 0,os 


Lowest lethal 
concentration 

2,0 

1,0 

0,2 0,4 


0,02 



TABLE 2. The cf-reaction of some aliphatic substances. 
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The following concentrations of the various substances were in 
fermentation after 2 days and may thus be regarded as the upper limit 
of non-toxicity: 


Acetone 0 , 2 ? mol 

Urethane 0,io » 

Chloral hydrate 0 ,o 2 » 

Ether 0,i5 » 

Paraldehyde . 0,fi8 » 

Ghloroform O^ons » 


Broadly speaking, a clear negative correlation is valid also here 
between toxicity and water solubility. No close correlation can be ex- 
pected in a group of such chemical heterogeneity. It is quite conceivable 
that, lor instance, chloral hydrate shows a specific toxicity, falling out- 
side the unspecific activity, which is correlated to the physical properties 
of the substances. 

Table 2 gives a similar survey of the cf-reaction as was given in 
Table 1 for the alcohols. Those concentrations of the substances which 
have induced more than casual cf-forms have been recorded together 
with some data in connection with the reaction. In chloral hydrate 
the three lowest concentrations of Table 2 are taken from an experi- 
ment not recorded above. They refer to cultures grown at room tem- 
perature and are not quite comparable to the other values. 


Substance Active 

concentration 

Maximal 
frequency 
of cf-forms 

Average 
number of 
cells per 
cf-colon3" 

Ether 

. 0,1(1 

90,0 

2,3 

Acetone 

. 0,11 — 0,11 

89,7 

3,0 

Chloroform .... 

. 0,{)()o:i , 

80,0 

3,8 

Paraldehyd . . . 

, . 0,04 0,11 

25, f) 

4,3 

Chloral hydrate 

. (0,001 ) 0,01 0,02 

51,7 

3,7 

Urethane 

. 0,1 0,2 

63,0 

4,0 

The activity zones arranged according to water solubility: 


Solubility 

Activity zone 



oo 

. 0,14 0,4-1 



11 

0,1 —0,2 



± 1 

0,ooi — 0 , 02 ; 

0,04 — 0,ii; 0,19 


0,08 

O,0063 
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A certain correlation between water solubility and activity is evident. 
Chloral hydrate also shows in the cf-reaction somewhat higher activity 
than its water solubility would indicate. As expected, the correlation 
is less distinct in this group than in the preceding group of substances. 

V. ALICYCLIC SUBSTANCES* 

1. CYCLOHEXANE AND BROMOCYCLOHEXANE. 

Only one preliminary experiment was made with these two sub- 
stances. Concentrations: 0,oooi— O,(i 05 mol. No concentration gave com- 
plete cf-reaction, but in 0,005 mol of cyclohexane and in 0 ,no 2 mol of 
bromocyclohexane colonies of rounded and irregularly shaped cells 
occurred. 


2. CAMPHOR. 

Camphor was the first substance in which the reaction was closely 
studied. It is still one of the most efficient cf-siibstances, especially 
when it comes to the induction of mnlticellular cf-colonies with long, 
tube-like cells. Levan and Sand wall (1943) found activity in borneol 
also. Since it seemed of special interest to study substances related to 
camphor, several experiments were arranged in August, 1943, with 
various terpene derivatives. 

Camphor was studied in the following concentrations: 0,oooooi — 0,oi 
mol. A detailed testing was made of the zone 0,ooi — 0,oi. As already 
reported by Levan and Sandwall (1. c.), almost complete lethality goes 
down to O,Q 08 mol. Below this concentration the cf-reaction reaches 
close to 100 %. A high degree of reaction is obtained down to 0,oo3 mol, 
below^ this concentration single cf-forms may be found as far down as 
0,00001 mol. The lower threshold is thus rather indistinct. The frequency 
curve of cf-forms rises rapidly, however, at 0,oo2 — 0,oo3 mol (Fig, 5). 

It is obvious that the cf-reaction is readily induced by camphor. It 
occurs ill a large interval of concentrations and reaches high frequency 
in rather intoxic concentrations as well. The cf-cells may be very 
long tubes, and the colonies may reach a size which is visible macro- 
scopically. 

Tested zone: 0,oooooi — 0,oi mol 

Lethality: O.oos — 0,oi » 

Toxicity: 0,oo5 — O,ci07 » 

Cf-reaction: 0,oo2 — 0,do7 » 

Hereditas XXXI II. 
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3. BORNEOL. 

While camphor is a ketone, borneol is the corresponding alcohol. 
It is also efficient in giving the cf-reaction. Its lethal action goes some- 
what lower down than that of camphor. Its zone of cf-activity is some- 
what narrower. Cf-forms are found between 0,ooi and 0,oo45 mol, in high 
freciuency only in the zone O,oo35 — 0, 0 ( 145 . It never reaches the com- 
pleteness of the reaction induced by camphor. 

Tested zone: 0, 000001 — 0,oi mol 
Lethality: 0,oc6 — 0,oi » 

Toxicity: 0,oo2 — 0,oo55 » 

Cf-reaction: 0,ooi — 0,0045 » 


4. BORNYL ACETATE AND BORNYL CHLORIDE. 


These two esters of borneol arc both inactive as far as the cf- 
reaction is concerned. They are decidedly more toxic than the preced- 
ing substances of this chapter. 


Acetate 

Tested zone: 0 ,ooo 2 — 0,oi 
Lethality: 0,ijoi — 0,oi 

Toxicity: 0,no(i6 — 0,oo(]8 


Chloride 

0,noooi — 0,ooi mol 
0 ,ooo 2 — 0,001 » 

0, 00008 » 


5. CAMPHOR OXIME. 

Here the keto-group C = 0) of camphor is changed to an oxime 
C = NOH). It is lethal only in saturated solution plus a considerable 
precipitate corresponding to a concentration of 0,04 mol or higher. It has 
activity in a rather wide zone, but always in a low degree. The cf- 
forms are typical. 

Tested zone: O,()0()05 — 0, 08 mol 
Lethality: 0,o4 — 0,os » 

Toxicity: 0,oo3 — 0,04 » 

Cf-reaction: 0,oo3 — 0,o2 » 

6. CAMPHORIC ACID. 

This is a two-basic acid and it is the easiest soluble one of the 
camphor derivatives here tested. It gives lethality in 0,o8 mol. In 0 ,o 2 — 
0,04 mol numerous tendencies to cf-forms were met with after one day’s 
treatment. There occurred elongated cells, single tube-like bud cells, 



THE CAMPHOR REACTION OF YEAST 


491 


etc. Also after 2 days some cf-forms were seen in these concentrations, 
their frequency, however, being little. 

Tested zone: 0,oooi — 0, os mol 
Lethality: O ,08 » 

Toxicity: 0,oi — 0,04 » 

CLreaction: 0,02 — 0,oi » 


7. CAMPHENE. 

This is an unsaturated hydrocarbon, and it is among the least 
soluble ones of these substances. It gives no cf-reaction. 


Tested zone: 0 , 00004 — 0,oo4 mol 

Toxicity and lethality: 0,ooo2 — 0,oo4 » 


8. TERPINEOL AND MENTHOL* 

These substances, one saturated and one unsaturated alcohol, were 


tested. They gave no cf-reaction, 
reaction in 0,oo4 mol. 

Terpineol 

Tested zone: 0, 000001 — O ,02 
Lethality: 0,oo8 — 0 ,o 2 

Toxicity: 0,oo2 — 0,oos 


terpineol may give some traces of 
Menthol 

0, 000001 — 0,01 mol 
0 ,oo 2 — 0,01 » 

O,0006 O,002 » 


9. SURVEY OF THE ALICYCLIC SUBSTANCES* 

Within the group of camphor derivatives an evident correlation is 
found between solubility and activity. It may be pointed out, as has 
already been done several times, that gross sources of error occur. The 
undeniable regularity of the solubility correlation indicates, however, 
that the fundamental principle underlying these conditions has not been 
obscured by the experimental uncertainty. Sources of error are, first, 
the difficulty in determining the water solubility of the substances. 
Unfortunately, for the substances concerned here the current table- 
works very seldom give other values of solubilities than »very slightly 
soluble » or » insoluble ». I had the possibility of making a rough 
estimate of the solubility when the series were mixed. The critical 
values — the weakest concentration with precipitate and the strongest 
one without precipitate — were controlled both at the preparation of the 
series and after keeping the solutions in shut bottles for one day. ITie 
more important substances were also controlled in solutions of distilled 
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water. Another source of error is the difficulty of obtaining pure sub- 
stances, The camphor derivatives tested here were kindly presented 
by the Royal Technical College of Stockholm, where they had been 
produced during students’ class work. 

The camphor derivatives represent a rather wide scale of solu- 
bilities, and they are therefore well suited for a testing of the present 


working hypothesis. 

Arranged in decreasin 

g solubility they will form 

the following series: 




Substance 

Solubility 

Lowest lethal 
concentration 

Highest non- 
toxic cone. 

( 1 ) Camphoric acid . 

.... 0,02 0,04 

0,08 

0,00G 

( 2 ) Camphor oxime 

.... 0,008 — 0,ooo 

0,04 

O,004 

(3) Camphor 

.... O,004 - — O,005 

O,008 

0,003 

(4) Borneol 

.... O,001 O,002 

0,00G 

0,ooi 

(5) Bornyl acetate . . 

.... 0,ooos — 0,ooi 

0,ooi 

0,0004 

(6) Camphene 

.... O,0004 O,00()6 

O,0002 

0,onoi 

(7) Bornyl chloride . 

.... 0, 00008 O,0002 

O,0002 

0,00006 


As seen, a striking correlation between toxicity and solubility is present. 

Only four of the substances have cf-efficiency. It is rather 
suggestive that these four substances are those of the above series with 
the highest water solubility (Nos. — 4). This indicates that the activity 
of the rest of the substances is cut off by the sinking solubility, as was 
found in the aliphatic alcohols: the activity line passes above the 
solubility line. The cf-reaction occurs in the following zones: 


Camphoric acid 0,n2 — O,04 mol (tendencies) 

Camphor oxime 0,()i)3 — 0 ,(T 2 

Camphor 0,oo2— 0,oo7 » 

Borneol 0,ooi — 0,0015 


As already mentioned, camphor and also camphor oxime may give 
single cf-fonns in concentrations decidedly below those recorded above. 
Thus, in one experiment in 1942 camphor gave, counted as averages of 
V 25 mln^ the following number of cf-forms in weak concentrations: 

Concentration 0 , 00001 0,oooi 0,ooo3 0,ooo7 0,ooi mol 

Number of cf-foimis .... 0,8 0,8 1,2 3,6 0,8 » 

The concentration 0 ,oo 2 mol is considered as threshold value, since it is 
first in this concentration that any considerable frequency of cf-forms 
begins to appear. 



TABLE 3. The cj-reciction of camphor and related substances.’ 
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The cf-reaction of the four substances concerned shows some 
characteristic features. The cf-reaction induced by camphoric acid is 
very weak, only tendencies to cf-forms being noticed. Camphor oxime 
has a wide activity range, 0,i)03 — 0 ,o 2 mol. The reaction never becomes 
very predominating, however. In all concentrations normal cell-growth 
is most common, the frequency of cf-forms never exceeds 10 %. 
Camphor has a high frequency of cf-forms in a narrow zone, 0,oo6 — 0,(io7 
mol. Here the cf-growth is almost 100 %. The frequency curve of 



Log, concentration 


Fig. 5. Graph of the cf-activity of camphor derivatives. 

cf-forms in borneol shows a similar steep increase as in camphor. It 
starts at 0,002 mol but is interrupted by lethality at 0,0(H5 mol. It has 
then reached 33 % . These conditions are represented graphically in 
Fig. 5. 

Some results of cell counts in different concentrations of the ali- 
cyclic substances are collected in Table 3. Here are recoi'ded the total 
frequency of cf-forms found in the cultures, the lethality and toxicity, 
the latter given in relation to the cell number of the controls. In 
camphor and borneol some data are given from some 2-day treatments 
as well. A summary of some of this material is already published in 
Levan and Sand wall (he.). 
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The number of cells within the cf-forin.s is about the same in the 
three substances, 2 — 5 cells on an average. The variations are greater 
after 2 days, when the older cf-colonies have attained a higher cell 
number. At the same time the weaker concentrations no longer exercise 
any strong effect on the yeast, which evidently becomes resistant to the 
treatment, so here the cf-forms have a tendency to fall apart. This is 
most probably the cause of the low mean values during the second day 
in camphor and borneol. Even in the stronger concentrations of 
camphor there occurs after 2 days a considerably decreased lethality 
and increased cell number. Simultaneously, the frequency of cf-forms 
decreases owing to an acquired resistance towards the treatment. 

It is clearly seen from Fig. 5 that among the substances tested 
here camphor represents optimum for the induction of the cf-reaction. 
It has a high frequency of cf-forms in such concentrations as show but 
little lethality. 


VI. AROMATIC SUBSTANCES* 

1. BENZENE* 

Only explorative experiments have been made with benzene as with 
other aromatic substances tested. Most of the experiments with aromatic 
substances were made in August, 1943; some control series were made 
on later occasions too. Of benzene, concentrations from 0,oo4 to 0,oi6 mol 
were tested. The stronger solutions 0,oi3 — 0,oi6 were totally lethal, 0,oc4 
mol had no perceptible effect, 0,oo8 — 0,oi mol had rather strong toxic 
effect. In the latter concentrations there occurred a varying frequency 
of small cell colonies of 4 — 8 cells without any striking deviation in cell- 
forms. This is the typical cf-reacliou of aromatic monocyclic sub- 
stances. 

One benzene series laid down in July, 1946, contained the concen- 
trations 0,o(:i7, O,009, 0,nio and 0 ,oi 2 mol. Especially 0,«o9 and 0,nio mol 
showed high frequency of cf-forms, while 0 ,oi 2 mol showed little devel- 
opment in 1 day. Later on this highest concentration developed 
numerous cf-forms. Fig. 2 is drawn from cells treated 16 days in this 
concentration. 

The cf-forms of benzene as of most aromatic substances do not 
have the elongated tube-like shape typical of the cf-forms induced by 
most aliphatic substances. The cells are rounded or have a more ir- 
regular form. The colonies never actually attain the size or cell number 
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of, for instance, camphor, which may depend on the active concen- 
trations of the aromatic substances often being rather toxic. 

Tested zone: 0,oci — 0,010 mol 
Lethality: 0,oi3 — 0,010 » 

Toxicity: 0,oos — 0,oi2 » 

Cf-reaction: 0,oo.s — 0 ,oi 2 » 


2. BENZENE HOMOLOGUES. 

In this series toluene, meta-xylene and mesitylene were studied. 
All of them gave cf-forms of the benzene-type. The cf-reaction of 
toluene was rather unclear. 


Tested zone: 
Lethality: 
Toxicity: 
C4f-reaction : 


Toluene 
0,no2 — 0,ooi 

0,0032 — 0,ooi 
0, 0024— 0,0028 
0,0024 


Xylene 

O,0008 0,0016 

O,0G13 O,001fl 

0,0011 

0 , 0010 — 0,0011 


Mesitylene 

0, 00018 0, 00056 mol 

0,00016 0,00056 » 

0, 00035 — 0, 00042 •> 
0,00035 — 0, 00039 » 


3. NITROBENZENE* 

Only two concentrations were tested, 0,oi and 0 ,o 2 mol. The latter 
was lethal, the former had strong toxic effect and contained numerous 
typical cf-forms of the benzene-type. 


4. ANILINE* 

Six concentrations between 0,(ii and 0,4 mol were tested. 0 , 08 — 0,4 
mol had no development and probably had a lethal action. Only 0,o4 
mol showed some growth together with decided toxicity. This concen- 
tration gave almost 100 % cf-reaction. 

5, PHENYL URETHANE. 

This substance gave typical cf-forms, also sometimes with quite 
elongated cf-cells. 

Tested zone: 0 ,oo 2 — O ,02 mol 
Lethality: 0 ,o 2 » 

Toxicity: O, 0(.2 — 0,oig » 

Cf-reaction: 0 ,oi 2 — 0,oi6 ;> 
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6. ACETOPHENONE. 

This substance gave only partial cf-reaction in my experiments. 

Tested zone: 0,oo5 — 0,o5 mol 
Lethality: 0,oi — 0,o5 » 

Toxicity: 0,oi — O,03 » 

Cf-reaction: 0,oi » 


7. AROMATIC ALCOHOLS. 

Two phenyl ethyl alcohols were tested, primary and secondary. 
The latter gave a clear cf-reaction, the former gave only tendencies. 


Px'imary 

Tested zone: 0,ooi — 0,2 
Lethality: 0,02 - — 0,2 

Toxicity: 0,oi 

Cf-reaction: (0,oo5 — 0,ni) 


Secondary 
0,ooi — 0,2 mol 

0,05 0,2 » 

0,02 » 
0,01 0,02 » 


Thymol was also tested, and the related hydrocarbon cymeiie. 
Neither of them gave any cf-reaction. 


Thymol 

Tested zone: 0,oooooi — 0,oi 
Lethality: 0,oo2 — 0,oi 

Toxicity: 0,ooo5 — 0,ooi 


Cymene 

0 , 000001 — 0,01 mol 

O,0005 0,01 » 

O,0002 » 


8. SURVEY OF THE AROMATIC SUBSTANCES. 

Alihoiigh the aromatic substances have given rather meagre re- 
sults concerning the main subject of study, the cf-reaction, they have 
considerable interest for the general conclusions of the present work. 
They include substances with very varying water solubility and there- 
fore give several good instances of the solubility-activity correlation. 

It is of interest to study such a group of related substances as 
benzene and its methylated derivatives. These form a series of de- 
creasing solubility from benzene with a solubility of 0,oi3 — 0,oic mol, 
determined in wort, to mesitylene, the solubility of which is some 40 
times lower, 0,ono4 — 0,()oc)5 mol, determined and kindly communicated 
by OsTERGREN. The relation between water solubility, on one side, 
and lethality, toxicity and cf-reaction on the other, is evident: 
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Substance 

Lowest lethal 
concentration 

Highest non-toxic 
concentration 

Gf-reaction 

Benzene . . . 

0,(113 

0,004 

0,(108 — 0,01 mol 

Toluene . . . 

0, 0(132 

O,002 

0,0024 » 

Xylene 

0,0013 

0,(101 

o 

1 

o 

o 

o' 

Mesitvlene . 

0,(i(i04(:i 

0 ,0(102 

0,00(135 0,0(1039 » 


If the eleven tested aromatic substances are divided into four groups 
according to their water solubility, the correlation is also evident: 

Lowest le- Highest non- 

Gi'oup Substance Solubility thal con- toxic con- Cf-reaction 

centration centration 

1 Aniline 0,1 — 1,0 0,08 0,04 0,04 

Phenyl ethyl alcohol 

Acetophenone 

2 • Nitrobenzene 0,01 — 0,1 0,01 — 0,o,l O,002 —0,00,1 0,003 — 0,02 

Benzene 

Phenyl urethane 

( Thymol 

Toluene 0,(101 —0,01 O,001 —0,01 0,0002— O,002 0,001 —0,0024 

Xylene 
[ Mesitylene 

4 0, 0001— 0, 001 0, 0004— 0, 0003 0,0001— O,0002 0, 00035— O,00009 

1 Cymene , > » , , ^ 

The agreement is actually greater than is seen from the above 
schematic table. If the substances are arranged in detail according to 
falling solubility, they are at the same time arranged according to 
falling lethality, falling toxicity and falling cf-threshold. In thymol the 
toxicity goes a few concentrations further down than expected from its 
water solubility. I do not wish, however, owing to the inaccuracy with 
which the water solubilities have been determined, to draw too far- 
reaching conclusions. The general tendency of the material is consistent, 
even if exceptions often occur in the details. 

VII. MODIFICATIVE INFLUENCES ON THE 
CF-REACTION* 

All treatments described in the preceding chapters have been made 
on yeast grown under optimal conditions. At the time of inoculalioii 
the yeast has been in vigorous fermentation, and immediately before it 
has been inoculated several times over on fresh wort. It has for a long 
period had good nutrition conditions. The experiments have been made 
at a constant temperature of 25 centigrades. 

Now it was early noticed that even small changes in the environ- 
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ment could bring about considerable variations in the results of the 
experiments. Thus, some explorative experiments were made in Svalof 
at room temperature (17 — 20°) without using a thermostat. It was 
found that cf-forms were obtained much more easily under these con- 
ditions than at 25°. Similarly it turned out to be hard to obtain cf- 
forms in ethanol if another yeast than »fuzzy heads*» was employed. In 
the following pages a brief report will be given of three types of ex- 
periments which throw some light upon the significance of the general 
condition of the yeast, the influence of the temperature and, finally, 
the induction of a certain resistance of the yeast towards toxicity and 
cf-reaction. 

1. THE PHYSIOLOGICAL CONDITION OF THE YEAST. 

In these experiments three different types of bottom yeast were 
used, all belonging to the same clone as that of the above experiments: 

A. »Fuzzy heads» (=hochkraus yeast), 

B, Seed yeast from fermenting vessel, 

G. Bottoms (cask deposit, »gelager» yeast). 

A was taken from fermenting vessels during practical beer brewing at 
vigorous fermentation, B had sedimented and was taken immediately 
after finished fermentation, G had been stored for a couple of months 
in storage tanks. 

The experiments were arranged in the following way: Series of 
test-tubes with 10 cc of wort containing different concentrations of the 
substances under experiment were simultaneously inoculated with ap- 
proximately the same ceil number of A, B and G. The course of the fer- 
mentation was followed daily. On various occasions samples were 
taken for microscopical control. Whereas the results concerning general 
toxicity were conclusive, I dare not yet deal with differences in cf- 
reaction. 

a. Methanol (“Vo, 45). — Goncentrations: 5, 6, 7, 8, 9, 10, 11 
volume % (1,2 — 2,7 mol). From earlier experiments it was known that 
2 mol (about 8%) does not come into full fermentation until after 
17 days, i. e. a very strong toxic effect. 

In A (fuzzy heads) no fermentation at all started during the first 
two days. On the 3rd day 5 and 6 % started, on the 4th day also 7 % 
and on the 6th day 8 % started, in the last case, a very weak fer- 
mentation. 9 — 11 /o had no development at all. The only culture which 
Imd completed fei'mentation on the 6th day was 5 %. 
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The B series showed a striking difference: 5 and 6 % already started 
fermentation on the 1st day, and on the 2nd day all concentrations 
5- — 11 % were in fermentation. The fermentation proceeded rapidly, 
so that on the 6th day all cnltures had finished except 9 — 11 %, which 
were then in full fermentation. Yeast B (recently sedimented yeast) 
thus showed an immensely greater tolerance towards methanol than 
yeast A. 

The C series (cask deposit) took an intermediary position. No fer- 
mentation occurred on the 1st day, but on the 2nd day 5 — 9 % started, 
and on the 6th day 5, 6 and 7 % had finished fermentation, 8 — 10 % 
were in full fermentation and 11 % had only just started. 

b. Ethanol ("7« ^I'ld 45). — Two series were made both with 
the following concentrations: 5, 6, 7, 8, 9 and 10 volume % (0,9 — 1,7 
mol). Earlier experiments had shown that 10 ^/o did not arrive into 
fermentation in 17 days, while in this time 9 % showed a weak start of 
the fermentation. 

The A series showed, as expected, similar behaviour as that just 
mentioned: No concentration started fermenting on the 1st clay, 5 — 7 % 
started on the 2nd day, 8 % on the 4th, and on the 6th day even 9 % 
fermented although not so strongly as the four weaker concentrations. 
10 % did not come into fermentation. 

Within the B series fermentation started for 5 — 7 % already on 
the 1st day, and on the 2nd day all concentrations were in fermentation, 
the concentration 10 %, however, but hesitatingly. 

The G cultures did not show fermentation until the 2nd day 
(5 — 8%), on the 4th day 9% started, 10% did not get into fer- 
mentation. Tliese differences are more clearly seen from the following 
table, which includes estimates of the cell numbers of methanol and 
ethanol. The estimates were made after one day’s treatment: 


Methanol 

Ethanol 

H 

Methanol 

Ethanol 

Metliaiiol 

G 

Ethanol 

5 . . . . 

0 

1 

10 

10 

2 

4 

6 .... 

0 

1 

6 

8 

2 

3 

7 .... 

0 

1 

8 

8 

2 

1 

8 .... 

0 

0 

2 

7 

1 

1 

9 .... 

0 

0 

2 

2 

2 

0 

10 .... 

0 

0 

3 

3 

1 

0 

11 .... 

0 

. — . 

3 

— 

0 

— 

0 (control) 

10 

10 

10 

10 

10 

10 
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c. Tertiary butanol 45). — Concentrations: 0,5, l,o, 1,5, 2,o, 2,5, 
3,0 volume % (0,c5— 0,32 mol). It was known that 0,2 mol (1,8 %) fer- 
ments after 2 days, while 0,5 mol (4,5 % ) shows no development in 
6 days. 

All series were in fermentation on the 2nd day. The onset of the 
fermentation was different. In the A series fermentation started only in 
0,5 % on the 1st day, in the B series all started, and in the G series 0,5 
and 1 % started on the 1st day. The number of yeast cells was 
estimated after 24 hours with the following result: 


Concentration 0 0,r) 1,0 1,5 2,o 2,5 3,o 

A .10 6 2 2 1 1 0 

B 10 10 10 10 10 8 3 

G 10 10 7 2 1 1 1 


d. Potassium cyanide 45). — In order to illuminate the 

question whether the differences in reaction of the yeast under various 
conditions are caused by a more specific resistance to such substances 
as may occur normally in the metabolism of yeast, or by a more general 
power of resistance to environmental disturbances which may affect the 
yeast cell so to say more unexpectedly, an experiment similar to the 
preceding ones was performed with potassium cyanide. 

The reaction of yeast to this substance was tested in advance in a 
series of 13 concentrations of potassium cyanide, ranging from 0,oooi to 
1 mol (0, 00065 to 6,5 weight %). The experiment was performed in 
Freudenreigh flasks with 10 cc of wort in each. No fermentation 
occurred after one day in any concentrations. After 2 days 0,oooi — 0,ooi 
were in full fermentation, 0 ,oo 2 mol contained living cells, while 0,005 mol 
and higher concentrations seemed to be killed. Since potassium cyanide 
may induce both c-mitosis and c-tumours in Allium (Levan, un- 
published), it was of special interest to look for cf-forms in these treat- 
ments. In 0,no2 mol certain tendencies to simple cf-forms were seen, but 
hardly in such a frequency that I would care to draw any conclusions. 

The experiment with different yeast types xvas arranged with the 
following concentrations of potassium cyanide: 0,ooi, 0,oo2, 0,oo3, 0,oo5, 
0,oo7, 0,01 mol, thus, a scale reaching considerably above the lethality 
limit of the preceding experiment, in which a yeast from the fuzzy 
heads stage had been employed. 

The differences found between the different yeast types were 
striking. The A series agreed with the above explorative series: No 
fermentation on the 1st day, fermentation in 0,ooi and 0 ,oo 2 on the 2nd 
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day, 0,no-{ on the 3rd day. On the 4th day 0,0(13 fermented vividly, while 
fermenlatioii had finished in 0,ooi and 0 ,oo 2 , which were already com- 
pletely fermented. The microscopic control showed that in the three 
higher concentrations which did not show any fermentation 0,oo5 had a 
beginning development, O.oo? contained living cells, while 0,ni mol 
seemed killed. 

The B series behaved quite differently: On the 1st day fermentation 
already started in the 4 weakest concentrations, 0,ooi — 0,oo5 mol, and on 
the 2nd day all concentrations were well started. On the 4th day the 
4 weakest concentrations were finished, while the 2 strongest were in 
full fermentation. A definitively greater tolerance towards the toxic 
effect of potassium cyanide was thus demonstrated in the B yeast than 
in the A yeast. 

The G series resembled the A series. In C 0,005 mol also came into 
full fermentation on the 4th day, while 0,oo7 and 0,oi never started fer- 
mentatioti and nor did they show any cellular development. Although 
giant cells were not infrequently met with in these treatments, real 
cf-cells were very seldom seen. 

Summarizing the results of these experiments, it may be stated that 
in the determination of different threshold concentrations it is of great 
importance to employ a yeast type which is not only genetically uni- 
form but which is also, as far as possible, in the same physiological 
condition, The same genotype reacts highly differently if it is in brisk 
division and full fermentation, if it is at rest after completed fer- 
mentation, or, finally, if it has been stored for a long time under con- 
ditions favouring autolysis. The few orientating experiments recorded 
above all give the concordant result that yeast at the stage of the fuzzy 
heads is most sensitive to noxious effects, while the yeast is most resistant 
immediately after finished fermentation. The difference in reaction shown 
between those two types of yeast may represent a change in toxicity 
threshold from 1 ; 2 or 1 : 3. The »gelager» yeast takes an intermediate 
position in all experiments, the deficient nutrition having evidently ex- 
hausted the resistance which it had soon after the end of the fermentation. 

2. THE INFLUENCE OF THE TEMPERATURE. 

As already mentioned in the introduction, it has for long been 
known that beer yeast has a tendency to grow out to more elongated 
cells under cold conditions and to form more rounded cells in warmth. 
This elongated growth in cold may sometimes pass over into an un- 
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doubted tendency to cf-growth. The detailed conditions under which 
yeast may give cf-reaction induced by cold are, however, not known. 

In order to study the influence of the temperature factor on the 
cf-reaction I arranged some experiments in February, 1944. They gave 
the decided result that cold has a general tendency to decrease the 
threshold value of the cf-reaction induced by various chemicals, while 
warmth has a tendency to heighten it. These experiments were made 
in the same manner as already described above. 100 cc of wort with 
various concentrations of the substances were inoculated with yeast 
from cultures in vivid fermentation. Three series of each substance 
were cultured, each of them being kept in a thermostat under the follow- 
ing temperatures respectively: 


E: 9°, F: 18—20°, G: 30°. 


Since the cf-reaction depends on the developmental stage of the culture 
— it is easiest to study in the beginning of the growth - — the com- 
parison between the three series could not be made after the lapse of 
the same time. F and G were examined on the 1st day after the in- 
oculation, E on the 2nd to 4th day. 

a. Ethanol (V25 44). — > Concentrations: 1, 2, 4, 6, 8 volume fo 
(0,2 — 1,3 mol). The lethality is here as in all the other temperature 
experiments especially high in the highest concentrations of the G series. 
It is clear that the same concentration of a narcotic substance acts more 
destructively^ at 30° than at lower temperatures. The average number 
of cf-forms in V25 iTim*' was counted in the three series. It is given 
together with the percentage of cf-forms calculated on the number of 
living cells (values within brackets) : 


Concentration: 1 2 

E .... 12, .1 (74) 10,8 (77) 

F .... 6,11 (30) 8,4(70) 
G .... 0,8(0,.'-,) 3,2U,fi) 


6,0 (83) 
10,8 (96) 
3,2 (44) 


6 

7,6 (86) 


8 

0,4 (17) 


Average 

7,4 (67) 
6,9 (60) 
1,6 ( 10 ) 


7,0 (79) 1,6 (27) 

0,8 ( 6 ) 0 


The frequency of cf-forms is evidently lower in the G series. To 
this comes the fact that both the cell-shape in general and that within 
the cf-forms were shorter and more rounded in this series. The cf- 
forms could often not be identified from their cell-form but only from 
their property of not falling apart when shaken. 

b. Tertiary butanol (V^, 44). — Concentrations: 0,2, 0,6, l,o, 1,4, 
l,s volume % (0,o2 — 0,2 mol). The following number of cf-forms was 
recorded: 
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Concentration: 0,2 

E . . . . 9,(i (55) 

F . . . . 10,8 (35) 
G . . . . 0 


0,6 1,0 1,4 1,8 Average 

8,4 (64) 9,6 (96) 12,0 (97) 12, o (100) 10,3 (82) 

8.8 (43) 14,4 (82) 12,6 (97) 20,4(98)^ 13,4.(71) 

6.8 ( 4) 11,6 (17) 11,2 (52) 6,4 ( 53) 7,2 (25) 


When the percentage of cf-fonns on the total number of living cells is 
calculated, it appears that the curves of llte three types of treatment 
run rather parallelly: E uppermost, G lowest. They all have their main 
increase in the same concentration region, 0,6 — 1,4 

In this experiment the difference in appearance of the cfdorms 



colony from yeast pre-treated for 15 days with tertiary butanol, thereafter moved 
over to 1,5 % tertiary butanol. The cell-shape of this cf-form is not elongated. — 

X 500. 


originating from the different series was even more striking than in the 
ethanol series. In E and F the cf-fonns had the appearance earlier 
described with long narrow, tube-like cells (Fig. 6 a — e)\ in G, on the 
other hand, a more rounded cell-shape predominated (Fig. 6 / — h). 
Often the cell-size of the rounded cells as well is larger than normally. 
One such rounded cell may send out radiary tubes, all of which soon 
swell up forming new rounded cells. These colonies may assume 
fantastic forms with alternating narrow tubes and swollen, spherical 
or pear-shaped cells (Fig. 6ii). 
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c. Ether. (V 25 44). — Goncenlratioiis: 0,oooi — 0 , 05 mol. The lethality 
was considerable in all three series, only in O ,05 mol at 30° was it almost 
total. The average lethality of the three series was: 

E: 28,9 F: 14,7 %, G: 26 , 0 %. 

The increase in cell number was about the same in most cultures; onl}^ 
the weak concentrations of the warmth series showed a much stronger 
cell proliferation. 

In E and F cf-forms were found all through the series, in G they 
were much rarer and of a less extreme type (Fig. 6 i — m). The follow- 
ing numbers were counted in V 25 mm^: 


Concen- 
tration : 

0,0001 

O,0002 

O,0005 

0,01 

0,02 

0,or> 

Mean 

E ... 

. 6,8 (42 ) 

6,4 (4a) 

5,2 (68 ) 

4,8 (80) 

5.6 (70) 

2,4 (50) 

0,2 (59 ) 

F ... 

. 3,2 (18 ) 

2,8 (14) 

3,6 (15 ) 

6,0 (SO) 

6,0 (52) 

0,8 (18) 

2,7 (25 ) 

G ... 

• 0,4 ( 0,2) 

0 ( 0) 

1,6 ( 0,1) 

0,8 ( 1) 

0 ( 0) 

0,8 (20) 

O' 6 ( 3,6) 


d. Urethane 44). — Concentrations: 0,oi — 0,5 mol. The lethality 
was high (97 % ) only in the highest concentration of the G series. On 
the other hand, the cell number counted after 20 hours was especialh^ 
high in the three lowest concentrations of F and G. In E the cell 
number had about the same order of magnitude in all concentrations 
when counted on the 2nd day. 

The cf-forms were commonest in E, where all concentrations ex- 
cept the lowest one had them. In F they occurred in 0,i and 0,2 mol in 
rather high frequency, in G only in 0,2 mol. The threshold may be 
said to vary with the temperature in the following manner: 

9° 0,02 mol 

18—20° 0,1 » 

30° 0,2 » 

The round cell-form of the cf-forms of urethane may have made the 
recognizing of all cf-forms difficult. In the F series, too, the shape of 
the cells was mostly quite round. The following numbers of cf-forms. 


were found (percentages in 

brackets ) : 




Concen- 

tration 

0,01 

0,02 

0,05 

0,1 

0,2 

0,5 

E . . . 

. 0 

2,8 (20) 

3,6 (15) 

7,2 (75) 

0,4 (14) 

— 

F . . . 

. 0 

0 

0 

24,0 (58) 

2,8 (64) 

0 

G ... 

Hereditas 

. 0 

XXX///. 

0 

0 

0 

3,2 (73) 

0 

34 
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All these experiments on the cf-reaction under influence of differ- 
ent temperatures, however preliminary, show the same general ten- 
dency. The induction of the cf-reaction is facilitated by low tem- 
perature and is impeded by high temperature. Since in some cases low 
temperature alone has evident tendencies to favour cf-growth, it may 
be concluded that cold adds to the effect exerted by the various 
chemicals. Therefore a lower concentration is sufficient under cold con- 
ditions to get the same effect as, at a higher temperature, would have 
been induced by a higher concentration. 

3. INDUCED RESISTANCE TO THE CF-REACTION* 

One feature common to all treatments of yeast with narcotic sub- 
stances is that the threshold of toxicity as well as of the cf-reaction 
does not remain constant during the course of the experiment but has 
a tendency gradually to I'ise. Such concentrations of a substance as 
during the 1st day give only weak development in cell number and high 
frequency of cf-forms often give during the 2nd day full development in 
cell number and now preponderantly normal cells and very few cf- 
forms. Evidently something happens which brings about either a de- 
creased concentration of the substance in the culture medium or a 
greater tolerance (= increased threshold) of the yeast cells towards the 
treatment. 

Since this peculiarity of an upward shift of the thresholds during 
the experiments is characteristic of all the different types of treatment, 
it is a priori hardly probable that the yeast cells have the ability through 
their own metabolism to remove or otherwise make harmless such a 
proportion of the various substances that the concentration which they 
have in the surrounding medium will fall below the threshold value. 
The other alternative, which involves an acquired resistance of the 
yeast cells, seems more plausible, and is in agreement with the con- 
ditions of many other types of narcotic and toxic reactions. Several 
experiments have been arranged to test whether the culturing of yeast 
in a medium containing a certain substance makes the cells more 
resistant to this substance, and perhaps also to other substances. Broadly 
speaking, all experiments indicate that such is the case. However, many 
disturbing factors are at work in these types of experiments, so I cannot 
as yet consider the problem as solved. I hope to continue the work along 
this line, and for the present I will only mention in all brevity one 
preliminary experiment made in February, 1944. This may indicate 
one line of approach to this important problem. 
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A number of yeast cultures were given various pre-treatments. 
They were grown for a fortnight on wort containing such concen- 
trations of various substances as initially brought about a strong check- 
ing of the propagation of the yeast and also gave a high frequency of 
cf-forms but as later on permitted a good development of the yeast and 
full fermentation. These solutions were the following: 


1. Ethanol 1,2 mol 

2. Tertiary butanol. . 0,2 » 

3. Lauryl alcohol . . 0,oi » (saturated, with excess of substance) 

4. Acetone 0,4i » 

5. Ether .......... 0,i9 

6. Chloroform 0,oo6?i » 

7. Paraldehyde .... 0,i5 » 


8. Pure wort as control 

Yeast from these cultures was now inoculated on wort with three of the 
above substances, viz. ethanol, acetone and ether, in the above concen- 
trations. The following estimate of the fermentation and the fre- 
quency of cf-forms was made on the 3rd day: 


Ethanol Acetone Ether 


Pre-treatment 

Fermeu- 

tation 

Cf-forms 

Fermen- 

tation 

. Fermen- 

Cf-forms . .. 

tation 


Cf-forms 

Ethanol 

. + 

1 

± 

7 ~ 

no 

development 

Butanol 

. + 

0 

— ■ 

0 — 

» 

» 

Lauryl alcohol . 

+ 

0 

4* 

0 — 

» 


Acetone 

.. 4- 

1 

+ 4 

0 ± 


2 

Ether 

. . — 

0 

+ 

1 — 

no 

development 

Chloroform . . . , 

.. + 

2 

~ 

0 — 

» 


Paraldehyde . . 

.. -H 

1 

± 

2 — 



Pure wort 

. + 

0 

4 

10 ~ 


» 


Some interesting facts are seen from this. The acetone-yeast gives the 
strongest fermentation in the acetone-series, and is the only one which 
shows any development at all in the ether series. Although the control 
yeast gave a high frequency of cf-forms in acetone, the acetone-yeast 
had no cf-forms. The development of the cf-forms was throughout 
more extreme within the control yeast than in any of the pre-treated 
yeasts. As an instance of this Fig. 6 n shows a typical cf-form from 
the control yeast in 1,5 % tertiary butanol, while Fig. 6 o shows a cf- 
form of the butanol-yeast under the same treatment. The former cf- 
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colony lias the shape lypical of such a treatment, while the latter, 
although it has formed a cf-coloiiy, consists of normal cells. 

These results point to an evident unspecificity of the induced 
resistance. Ail kinds of pre-treatments have resulted in some degree of 
resistance to ethanol and acetone, the untreated yeast giving the most 
extreme cf-growth in both series. It must be stated that the exj)eri- 
meuts on pre-treatments of yeast with different substances point in the 
same direction as tests of the yeast in different physiological conditions. 
As in these experiments, here too, a certain unspecific resistance may 
be obtained by the yeast. 

VIIL CONCLUSIONS. 

The present morphological and experimental work on the cf- 
reaction of yeast leads to the following points and conclusions; 

(1) The very type of the reaction suggests a disturbance or an 
irregularity of the growth, a switching-off of the growth control, which 
under normal conditions is responsible for a regulated cellular growth 
and propagation. 

(2) This switching-off of the growth control may be more or less 
complete: in some cases the entire growth results in long irregular 
threads or swollen sacs, in other cases a certain growth pattern is main- 
tained, recalling the niori^hology of other Saccharomijces species. By 
this fractionated withdrawal of different elements of the growth control 
a certain analysis of the normal growth may be attained. 

(3) The cf-reaction is reversible: if the concentration of the active 
su]>stance in the culture medium sinks below the threshold value of the 
reaction, or if the yeast cells acquire resistance io the treatment, the 
same cells as were earlier under command of the reaction, start normally 
to bud off daughter cells, which in the sequence behave normally. 

(4) The nuclear divisions of the cf-forms are to a certain degree 
independent of the cellular disturbances. Normal mitoses may be found 
during a prolonged cf-growth. However, nuclear disturbances also 
gradually appear in strong concentrations of various substances. The 
commonest types of these disturbances are the following: a considerable 
increase in chromosome number of the nuclei, irregularities in the 
mitotic mechanism, multipolar spindles, vagabonding chromosomes, 
origin of micronuclei, etc. Whether regular c-mitoses occur is still a 
matter of doubt. The presence of tetraploid nuclei in otherwise normal 
cells, which was observed after rather short treatments, makes it per- 



THE CAMPHOR REACTION OF YEAST 


509 


ceptible that the threshold of c-mitosis in these organisms lies close to 
the lethality limit. It is possible that in strong treatment single c-mitoses 
are immediately induced, thereupon followed by an acquired resistance, 
which moves the c-mitotic threshold above the lethality limit. Tlie 
nuclear disturbanoes appearing later on have the same general type as 
weak c-mitotic disturbances in which the spindle is made somewhat 
ineffective but is not totally narcotized. The high chromosome number 
often seen in the nuclei of old cf-cells, as well as the long resting stage 
which these nuclei are seen to go through, indicate endomitotic pro- 
cesses, In the same manner as is known for higher plants and animals 
the enormous increase in cellular volume may bring about an adjust- 
ment of the chromosome number of these cells. 

It may be stated that parallel with the disturbed control of the 
cellular growth, though not necessarily dependent thereon, disturbances 
also occur in the mitotic control, distobances of the same type, but less 
complete than the c-mitosis of higher plants. 

Certain types of induced mitotic disturbances made it possible to 
observe the size of single chromosomes. This condition gave a key to 
the normal chromosome number of the yeast studied, which was 
estimated to at least ten, possibly higher. 

(5) The mitotic disturbances are also reversible. If an increase in 
chromosome number has taken place, the higher number is of course 
maintained, but after the end of the treatment the normal course of 
mitosis is restored. It is true that in Sandwall’s and my experiments 
no permanent polyploid yeast strains have been isolated, which is prob- 
ably due to the fact that relatively little work has been done by us in 
that direction. Yeast types with in all probability polyploid chromo- 
some number have originated on several occasions in the work of other 
authors. 

(6) The cf-reaction is not confined only to a few certain chemicals, 
camphor and some derivatives of camphor. In the present experiments 
it has been induced by some fifty substances, aliphatic, alicyclic and 
aromatic. Most of the substances are of the type known for their 
narcotic properties. 

This fact alone indicates that the reaction is not tied to any certain 
chemical constitution. It rather suggests that certain physical pro- 
perties common to the efficient substances may be of significance. 

(7) This conclusion is strengthened by the persistently observed 
correlation between physical properties (water solubility) and threshold 
value of the reaction. The reaction is generally induced by concen- 
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trations which lie in the vicinity of the saturation point of the substance, 
only seldom does it go below 0,i of this concentration. According to the 
view of Ferguson (1939), this corresponds to a thermodynamic activity 
of 1 — 0 , 1 , which is characteristic of unspecific, physical action. 

Although this condition may be the rule, it does of course not 
exclude the fact that some substances give effect at decidedly greater 
distances from the point of saturation. The lower aliphatic alcohols, 
acetone, chloral hydrate, chloroform and many others may have thermo- 
dynamic activities indicative of a more specific, chemical action. 

It is possible that the common features of the reaction are caused 
by a physical action common to all the acting substances. The mani- 
fold deviations in type of the reaction are perhaps induced by specific 
chemical groups in the substances. 

(8) A certain unspecific resistance to the reaction may he induced. 
Cells which have gradually been accustomed to an increasing content 
of ethanol (yeast from the sediment immediately after completed fer- 
mentation) are found to be more resistant not only to ethanol and 
butanol, but also to potassium cyanide, than cells which have for a long 
period grown only on wort without any considerable content of 
ethanol. 

(9) Cold, alone or in combination with chemical treatments, im- 
parts to the cells increased tendencies to give the cf-reaction. 


Through these studies the cf-reaction, which has hitherto occupied 
rather an isolated position, has been brought in line with the also 
normally occurring phenomena of involution growth of yeast and of 
the morphological deviations in cell type induced by cold and other 
environmental conditions. Furthermore, these phenomena are now com- 
parable to certain other reactions of living organisms, caused by various 
external factors. For instance, the cf-growth of the cells is of similar 
kind to the c-tumour reaction of higher plants, the nuclear disturbances 
of the cf-reaction are comparable, if not identical, with the c-mitotic 
reaction. 

The cf-reaction may consequently be regarded as a partial reaction 
of the important complex known as the narcotic reactions. Common 
to all of these is the reversible switching-off of higher, controlling 
functions, the unspecificity of the induction, the correlation with phys- 
ical properties of the inducing substances, the possibility of acquiring 
resistance. In addition to the general narcotic reactions of animals and 
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the more specitic reactions just mentioned of c-tumourj c-mitosis, cf- 
growth, there also belong here many forms of general toxic actioru 
Common leatures are easily found between the narcotic reactions and 
several bactericidal and insecticidal reactions, as has often been pointed 
out in the literature. If these narcotic-toxic reactions are allowed 
to extend their action so far that vital functions are held up, which 
cannot be switched off without serious damage, death by narcosis will 
be the result. 

The individual character of each of the more specific reactions as, 
for instance, the cf-growth is given through the interrelation of their 
activity thresholds with toxicity and lethality. The greater the distance 
is between the threshold of the specific action, on one hand, and 
toxicity and lethality, on the other, the easier is the reaction obtained, 
the more extreme is its expression, the more efficient is the inducing 
substance said to be. 

Some persistent features pointed out in connection with certain 
groups of related substances treated above, either homologous series, as 
the aliphatic alcohols, or derivatives of a certain substance, as the 
camphor group, may receive some illumination from these conditions. 
It has been mentioned that in such groups of substances an optimum 
may exist for the induction of the reaction. Thus, among the alcohols, 
butanol and pentanol represented the optimum, in the camphor group, 
camphor. Towards both sides substances occurred which gave the 
reaction less completely and with greater difficulty. The nature of these 
optima may be understood when viewed in relation to the different 
reaction limits just dwelt upon. At the optimum the maximal distance 
must be jiresent between the activity threshold and the toxicity 
threshold. 

On moving within the series towards the lower (=more water 
solu})le) members (in our instance towards methanol or camphoric 
acid), live aclivily threshold will move upwards, higher concentrations 
wilt 1)0 needed lo attain the effect. The unspecific poison effect also 
shills upwards, l)ut here Ihere appears a specific toxicity, known, for 
instance, for the k)W€r alcohols from other biological reactions. The 
curve of the toxicity threshold will consecfuently bend downwards and 
converge towards the activity threshold. This may be the cause of the 
diminished activity in the lower members of a series. 

On moving in the opposite direction from the optimum, that is 
towards the higher (=less water soluble) members of the series, the 
activity threshold, as well as the toxicity threshold, sinks, though less 
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rapidly than does the solubility. Consequently, a point is reached at 
which the activity line crosses, and passes above, the solubility line, 
and the same will happen with the toxicity curve. To the left of this 
point the solubility will be too low to give the reaction, or, as the case 
may be, to give poison effect, the well-known cut-olT of activity (cf. 
Ferguson, 1. c.), of toxicity or of lethality is reached. In our instance 
the cf-reaction is cut off between octanol and cetyl alcohol, and be- 
tween borneol and bornyl acetate. Already at octanol it was noticed 
that the toxicity threshold, the cf-threshold and the solubility threshold 
were crowded together, resulting in a very narrow amplitude of the 
cf-reaction. In cetyl alcohol neither the cf-reaction nor any high degree 
of toxicity was obtainable. In the camphor group, on the other hand, 
even the least soluble substances had lethal effect in some concentration. 
Here the toxicity line had not yet crossed the solubility line, this point 
of crossing in the case of camphor derivatives evidently lying far to 
the left from the point of the cut-off of the cf-reaction. 
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THE CYTOLOGICAL EFFECT OF CHLORO- 
FORM AND COLCHICINE ON ALLIUM 

BY ERNST STEINEGGER and ALBERT LEVAN 

GYTO-GENETIC LABORATORY, SVALOF 


I. INTRODUCTION. 

B y introducing the, concept of thermodynamic activity into toxicology 
Ferguson (1939) arrived at a division of the various poisons into 
two classes, those with preponderantly physical and those with pre- 
ponderantly chemical action. Since thermodynamic activity of a sub- 
stance in solution may be roughly expressed as the relation between the 
lowest active concentration and the solubility, it is important to know the 
solubility of substances which are employed as agents. 

The information given in the literature concerning the water 
solubility of colchicine is rather varying. According to the fifth Swiss 
Pharmacopoeia, one part of colchicine may be dissolved in 70 parts of 
water. The Handbook of Chemistry and Physics (1944) gives the water 
solubility as 4,5 Muller (1903; see Levan and Ostergren, 1943) 
gives it as 9,6 %, Zeisel (1886), finally, states that colchicine may be 
dissolved in water in all proportions, these being only a few instances 
of references in the literature to the solubility of colchicine. These 
apparent contradictions receive their explanation in the property of col- 
chicine to form crystals which, contain various solvents. As early a 
worker as Zeisel (1. c.) found that colchicine obtained from a chloro- 
form solution will form crystals with a certain content of chloroform. 
Such a type of colchicine will show a decreased water solubility. By 
heating with water the compound is again split into its components. On 
evaporating the water solution the chloroform disappears and a chloro- 
form-free colchicine is obtained. If a strong colchicine solution is left 
for some time, the alkaloid precipitates with crystals containing V 2 uiol 
of crystal water. This form is the one referred to in the Swiss Pharma- 
copoeia, and the solubility 1 : 70 is valid for this form. Over sulfuric 
acid in a vacuum the crystals gradually lose their water and change 
into the form free from solvent, which form is of unlimited water 
solubility. The solubility of this amorphous colchicine decreases, 
according to Zeisel, with increasing temperature: thus at 82° it is only 
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12 %. The following forms of colchicine may be recorded together 
with their water solubilities: 

Pure (amorphous) colchicine unlimited 

Colchicine + 7^ mol ILO 1 : 70 

Colcliicine + Vii iRol CHCl;. about 8 % 

Colchicine + 1 mol CHCC about 4 % 

The content of solvent in colchicine is of no great consequence for 
the practical polyploidizing exiDeriments, although it is probable that 
the chloroform-containing form is more poisonous than the pure col- 
chicine, and therefore may be somewhat less suitable for some purposes. 
On the other hand, these conditions must be of great importance when 
quantitative investigations on the effect of colchicine are concerned. 
Thus, colchicine with 1 mol chloroform contains 25 % by weight of 
chloroform. Only in exceptional cases have the workers in this field 
given information as to what kind of colchicine has been employed, and 
only rarely has a direct comparison been made between the different 
forms of colchicine. Brues and Cohen (1936), in their study of the 
active group of the colchicine molecule, test chloroform-containing and 
chloroform-free colchicine on regenerating rat liver. They obtained 
from the two treatments » entirely similar results as far as the cytological 
picture was concerned». Boas and Gistl (1939) point out that in higher 
concentrations of crystalline colchicine the chloroform content cannot 
])e disregarded. Mangenot (1942) compared crystalline and amorphous 
colchicine in concentrations of 0,n5 and 0,025 % without observing any 
differences in the effect on Allium roots. Mairold (1943) found no 
difference in the influence on plasmolysis between the two forms of 
colchicine. On the other hand, a distinct difference was shown in the 
effect on the growth of Lupimis roots of very low concentrations. While 
(),oni % of amorphous colchicine acted stimulating on the root growth, 
the same concentration of crystalline colchicine gave only growth 
retardation. At higher concentrations as, for instance, 0,oo5 % both 
forms gave an equal retardation. Mairold assumes that in this case 
only very weak concentrations allow the effect of chloroform to come 
to light, in higher concentrations the effect of colchicine will pre- 
dominate. Mairold cites a work of Josing (1901) which showed that 
also in very low concentrations (as low as 0,oooi % ) chloroform may 
have an effect on the plasmatic current. 

In the course of our studies of c-mitotic effects on various liliaceous 
plants we have directed some attention to differences in action of 
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amorphous colchicine and crystalline colchicine. This point has been 
tested both in plants sensitive to colchicine and such as are known for 
their resistance to this substance. In the present paper only the first 
case will lie considered, the effect of chloroform alone, chloroform- 
containing colchicine and chloroform-free colchicine being studied. As 
experimental object root-tips of Allium Cepa have been employed. 

II. THE EFFECT OF CHLOROFORM. 

The chloroform employed was immediately before use deacidized 
with sodium carbonate, thereafter washed with distilled water until 
neutral reaction was given, dried over CaClo and fractionated. A series 
of eight concentrations from saturated solution (l % by weight) down to 
0,oo5 Yo was studied. As regards the cytological effect, the two strongest 
solutions 1 and 0,5 % were of considerable interest and must therefore 
be described in some detail. In these concentrations the roots rapidly 
became soft. Cytologically the picture suggests a fixation effect, the 
various mitotic stages were kept as they were at the moment the root- 
tips were killed. No c-mitotic effects occurred, nor any reversions of 
the contraction stages into despiralized stages. 

The appearance of the resting nuclei was striking (Fig. la, h). All 
through the meristem the resting nuclei were provided with irregular 
outgrowths into the plasm, resembling the precipitation membranes of 
^mheraical gardens ». These protuberances, as also the entire nuclei, 
were often quite devoid of any chromosomal structures. Just the centro- 
meric heterochromatin was, however, often left (Fig. 1 a, b). In some 
nuclei chromosome threads occurred, these often being extended through 
the nuclear protuberances into the plasm (Fig. 1 c). 

The contraction stages of the chromosomes, nietaphase— anaphase, 
are characterized by a gradually proceeding dissolution of the chromatic 
material. In some pictures (Fig. 1 d) it was clearly seen that the matrix 
material left the chromosomes and wandered out into the plasm. The 
chromonenia, or genic thread, apparently showed a greater resistance to 
the dissolution. Often these parts of the chromosomes were extremely 
delicately stained, giving an unusually clear picture of the internal 
structure of the chromosomes. Although the structures thus revealed 
must he considered as lethal, they are according to our opinion of a 
certain significance for the understanding of the vital structures. Fig. 
1 e shows one cell at early metaphase, where most of the matrix is 
melted away, / — j show other instances of metaphase chromosomes, 
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Jc — ji are anaphase chromoisomes. A feature common to all these 
pictures is the subdivision of the chromosomes into chromatids, half- 



Fig. 1, a~-c: resting nuclei treated with 0,5 % chloroform for 4 hours; d\ metaphase, 
same treatment; e — j; metax^hase, li — n: anaphase chromosomes, hour in 1 % 
chloroform; o — q: metaphase; r — s: anaphase, 4 hours in 0,5 % chloroform; t: how 
metaphase, 4 hours in 0,25 %; u: c-metaphase with strong chromosome contraction, 
24 hours in 0,1 %; v\ c-anaphase, 4 hours in 0,025 % chloroform. — X 1500. 



THE GYTOLOGICAL EFFECT 


519 


chromatids and often also Vi'Chromatids. Especially far-going is this 
morphological sub-division towards the chromosome ends, which often 
show signs of many threads (Fig. 1 /). 

Certain metaphase chromosomes were considerably swelled (Fig. 

1 G /). They were very faintly stained, most of the chromatic substance 
already being washed out. Through the staining many fine threads 
were visible in longitudinal direction, clearly indicating a cable structure 
of the chromosomes. By the treatment evidently the many single 
threads, which are usually glued thickly together, had been loosened 
from each other. A similar division in two and more threads was 
present in the anaphase and telophase chromosomes (Fig. 1 k — n). The 
daughter half -chromatids were in these cases either turned in a 
relational spiral or were comparatively free from each other. Often 
definite chromomeres were visible, chromomeres of similar appearance 
occurring on the same level within the two half-chromatids. 

In one slide (treated with 0,5 % for 4 hours) the dissolution of the 
chromosomes had often gone still one step further. Similar pictures were 
frequent in this slide as have earlier been found by Ostergren to occur 
after other narcotic treatments (unpubl.). Of the chromosomes there re- 
mained only the centromeric apparatus, the chromosome arms having 
completely disappeared (Fig. 1 o — -s). Evidently the centromeric region 
is the most resistant part of the chromosomes. It was already known 
that this region often gives staining reactions different from the rest of 
the chromosomes (Levan, 1946, and literature given there). In the 
present case not only do the centromeric parts appear more darkly 
stained than the chromosome arms, but the latter are often totally ab- 
sent. Fig. 1 o shows this condition in metaphasic polar view, p — s 
shows it from the side, at metaphase {p — q) and anaphase (r, s). It is 
clear that this condition gives a rare occasion to submit the centromeric 
apparatus to a close morphological scrutiny. Owing to the smallness 
of all details, however, caution must be used in the interpretation of 
the structures seen. It seems to be certain, however, that the centro- 
meric apparatus is a complex structure, as has indeed been supposed 
by most workers in this field. The pictures show partly the hetero- 
chroma tic lateral segments (the prochroniosomes), partly one small 
body (the spindle spherule) at which the spindle fibres seem to attach. 
The spindle spherules at metaphase are often extended towards the 
poles and protrude somewhat above the surface of the chromosomes. At 
anaphase tlie spindle spherule is often the largest part of the whole 
centromeric apparatus present. Besides this round body, only small 
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irregularly shaped reniuants arc visible, directed from the poles (Fig. 
1 r, 5 ). The spindle spherule, on the other hand, showed about the 
same size in all chromosomes of one cell. No traces of the chromo' 
some arms besides the above irregular remnants were seen. 

These strong concentrations of chloroform have an immediately 
killing effect, the cells being fixed. A gradual dissolution takes place 
after the killing, which first affects the matrix, later on the whole 
chromosome arms, the centroineric part showing greater resistance than 
the rest of the chromosomes. 

The next concentration, 0,25 %, is not directly lethal. The roots 
keep turgescent for about 4 hours, but are quite soft after 24 hours. 
In 0,10 % the roots remain turgescent several days. The cytological 
picture is here quite different. A certain general stickiness occurs, but 
the chromosomes are not dissolved to the same extent as in the two 
strangest concentrations. Furthermore, the cells keep alive long enough 
to show cnnitosis, which in these concentrations is the only mitosis 
type already occurring after four hours. A strong toxic effect is noted; 
after 24 hours almost only resting nuclei occur, no new mitoses being 
started. 

G-niitosis goes down to the concentrations 0,05 and in solitary cells to 
0,025 %, dubious tendencies to c-mitosis may be found even in 0,oio %, 
III these concentrations, however, normal mitoses predominate. The 
c-mitosis is of quite the ordinary type. Often the type of »bow-meta- 
phase» (Levan, 1946) occurs (Fig. 1 1), which is characterized by the 
chromosomes being scattered widely over the cell, each chromosome 
showing little contraction, its chromatids being tightly glued together, 
the entire chromosomes often being somewhat arched. Especially in 
the few mitoses occurring after 24 liours’ treatment the contraction of 
the C“pairs might be maximal (Fig. 1 n), each chromosome approaching 
the spherical sha^De. The c-anaphases (Fig. 1 i>) were typical. 

Clear c-tumours were found only in two concentrations, 0,o5 and 
0,025 % , the higher ones evidently being too poisonous to allow c-tiimour 
growth. Weak tendencies to c-tumours were also seen in 0,oio %, but 
only in some roots. 

Our results on the chloroform effect in Allium may be summarized 


as follows: 




Concentrations 

Roots 

Dissolution of 

C-reactions 

^ mol/i 

turgescent 

chromosomes 

mitosis tumours 

1 0,08 

— 

+ 

fixing — 

0,5 0,01 

— 

+ 

fixing — 
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Concentrations 

Roots 

Dissolntion of 

C-reactions 

% 

mol/l 

turgescent 

chromosomes 

mitosis 

tumours 

0,25 

0,02 

— 

sticky 

+ 

— 

0,10 

O,008 

+ 

sticky 

4- 

(“) 

— 

0,05 

0,()ot 

+ 

— 

± 

+ 

0,025 

O,002 

+ 

— 

(4) 

+ 

0,oio 

0,(ioas 

+ 

— 



(+) 

O,005 

0,ooni 

+ 

— 






III. THE EFFECT OF COLCHICINE WITH AND WITHOUT 

CHLOROFORM* 

On indicating the concentration of colchicine solutions used in most 
earlier investigations a certain weight percentage has been given; no 
regard has been taken to whether the colchicine was pure or contained 
chloroform. If molar concentrations have been used, 399,32 has been 
employed as molar weight of colchicine, which is correct only for the 
pure amorphous colchicine. It is therefore of the greatest significance 
to test the critical threshold region within both types of colchicine in 
order to investigate whether differences occur which may necessitate an 
adjustment of threshold values earlier' given. As mentioned in the in- 
troduction, some earlier studies suggest that no great differences in 
effect are present in the low concentrations under consideration here. 
Thus, Levan (1938), probably using amorphous colchicine, found the 
threshold value of c-mitosis in Allium to lie between 0 ,oo 5 and 0,oi % , 
Levan and Ostergren (1943), with crystalline colchicine, determined 
the same value to be 0,oo4 — 0,oo6 %, 

In the present experiment the following substances were used: 
(1) Colchicin. puriss. amorphous Sandoz, Basle, and (2) Colchicin. 
puriss. cryst. + V 2 mol GHGlg Merck, Darmstadt. The colchicine sub- 
stances were tested for chloroform according to the isonitril-reaction 
(Fifth Swiss Pharmacopoeia): 2 eg colchicine, 2 cc 2-normal NaOH and 
1 drop aniline are heated together. If chloroform is present the typical 
smell of phenyl isonitril is noticed. Golchicine (l) turned out to be 
completely free from chloi'oform, while (2) gave a strongly positive 
reaction. Of both substances a series from 0,oo2 to 0,02 % by weight 
were tested. Fixations of the root-tips were made 4 and 24 hours after 
starting the treatment. The results as far as c-mitosis and c-tumours 
are concerned are given in Table 1. 

From this table it is seen that both series behave perfectly alike. 

Hcredltas XXXIII. 


36 
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TABLE 1. Comparison between different forms of colchicine. 


Weight 

Amorphous colchicine 

Crystalline colchicine 
(C,,H,5N0„ + Va CHClj) 

Molarity 

of 

colchicine 

c-mitosis 

c ‘tu- 
rn ours 

Molarity 

of 

colchicine 

c-mitosis 

c- tu- 
mours 

4 hours 

24 hours 

4 hours 

24 hours 

0,03 

0,ooo:}0 

+ 

+ 

+ + 

0,0 0043 

+ 


-j- 

0,oi 

O,00025 

+ 

-h 

+ 

0, 00022 

+ 

+ 

+ 

O,007 

O,000175 

•rb 

zb 

+ 

0, 00015 

+ 

zb 


O,004 

0, 000100 

zb 

zb 

zb 

0, 000087 


± 

± 

O,002 

0, 000050 

— 

__ 

“ 

0, 000043 


— 

— 


The agreement is further accentuated by Fig. 2, which shows the c- 
tumour reaction of the two series. Not only are they alike in the 
general type of the reaction but also in the smallest details. The 



Fig. 2. The c-tumour reaction in chloroform-containing colchicine (a — e) and in pure 
colchicine (/ — /) ; a, /: 0,02%, h, g: 0,01%, c, 7i: 0,007 %, d, i: O,004 %, e, j: O,002 %. 
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series, and are somewhat distinguished from the tumours of the lower 
concentrations. The limit concentration 0 ,oo 4 % in both series starts 
typical tumour growth, but after some time tumom’s are overgrown by 
normally elongating root-tips. 

The experiment has shown that in this concentration range it is 
quite without consequence which form of colchicine is used. Earlier 
determined threshold values may thus be relied upon independently 
of what kind of colchicine has been used. 


IV. CONCLUSIONS* 


The above experiments have shown that chloroform gives typical 
c-mitotic and c-tumour reaction in concentrations down to 0,025 Jo by 
weight ( 0 ,oo 2 mol/l). In crystalline colchicine, where chloroform is 
present in fractions of V 4 or Vs, concentrations of 0 ,i or 0,2 Jo would 
be needed to reach the threshold value of chloroform. In the concen- 
tration range of colchicine giving c-mitosis in Allium, 0 ,oo 2 — 0 , 0049 ^, 
there is evidently no risk that the chloroform will have any c-mitotic 
effect. The small deficit of colchicine in the crystalline form is not 
sufficient to exceed the limits of normal experimental error. 

The thermodynamic activity of chloroform may be determined 
according to our results; it is calculated as the relation of threshold 
value to water solubility. As a comparison the same values for ether 
are given, the threshold for c-mitotic action being taken from Oster- 
GREN (1944): 


Substance 


Solubility 
ill 10“^>mol/l 


Threshold Thermodynamic 

in 10~®mol/l activity 


Chloroform . . . . 83’000 800— 2’000 0,gi— 0,o2 

Ether rOOO’OOO 62’500— 125’000 O, 06 — 0,i3 


A thermodynamic activity of 0,f)5 is considered to denote the extreme 
lower limit for a pure unspecific, physical activity of a narcotic (Fergu- 
son, 1939; Gavaudan, Dode and Poussel, 1945). Since chloroform 
evidently goes below' this limit in our experiments, a certain degree of 
chemical activity can hardly be denied in this substance. The' activity 
of ether, on the other hand, is welTwithin the limits of physical activity. 
In this connection it should be pointed out that chloroform undoubtedly 
had a definite toxic effect on the Allium roots as far down as our series 
went, i. e. to 0,ooo4 inok Thus, the mitotic activity was almost completely 
inhibited after 24 hours in this concentration. It was also noticed that 
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a v^eak poison effect was present in some of the tested concentrations 
of crystalline colchicine which was not present in the amorphous sub- 
stance. It should be mentioned that chloroform, in contradistinction 
to ether, is known for a considerable toxicity in its narcotic action on 
aniihals. This condition has actually limited its usefulness as an 
anaesthetic in surgical practice. 

Acknowledgment. — The stay at Svaldf of Ernst Steinegger is 
financed by a Fellowship from the Swiss »Stiftung fllr biologisch- 
medizinische Stipendien» . 


SUMMARY* 

The cytological effect of chloroform as well as of amorphous and 
crystalline colchicine is studied. Strong concentrations (saturated — Vs 
saturated solutions) of chloroform bring about a characteristic cytolog- 
ical effect. The chromosomes are dissolved, in extreme cases only the 
centromeric apparatus is left. In lower concentrations the c-mitotic re- 
action is found. The threshold for this reaction is 0,ooos — 0 ,oo 2 inol/l. 
The threshold region of c-initosis in Allium in the two types of col- 
chicine was found to coincide, the chloroform present in the crystalline 
colchicine being too diluted to have any c-mitotic effect. The water 
solubilities of the substances employed here are discussed and the re- 
sults of our experiments are put in relation to the thermodynamic 
activity of the threshold concentrations. 

Svalof, March, 1947. 
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SOME OBSERVATIONS ON THE SEED 
DEVELOPMENT IN ECUADORIAN CACAO 

BY ARTUR HAKANSSON 

INSTITUTE OF GENF/riCS, LUND, SWEDEN 


P ROFESSOR Arne Muntzing has made observations and experi- 
ments on pollination and fruit setting in cacao trees at the Swedish 
Hacienda Clementina in the neighbourhood of Babahoyo in Ecuador 
(Muntzing, 1947). A number of ovaries and young fruits (cherelles) 
from hand-pollinated flowers were fixed for embryological studies and 
thus I have been able to study some stages of the seed development in 
this material. The development of the embryo-sac in Theobroma cacao 
has been studied ly Kuyjper (1914); on fertilization and later stages 
of the seed development there is a good investigation by Gheesman 
(1927). The embryo-sac develops after the normal type, and is rather 
small. In ovaries fixed five or six hours after pollination pollen tubes 
could be observed in the micropylar region of the embryo-sac, and two 
hours later Gheesman could sometimes observe male nuclei lying 
against the egg or the polar nuclei. »The first division in the embryo- 
sac takes place sometimes on the third but more often on the fourth 
day after fertilization, and in preparations made then two endosperm 
nuclei are found» (Gheesman, 1. c.). Fig. 12 of Gheesman shows the 
second division of the endosperm nucleus 120 hours after pollination. 
The first cell walls in the endosperm appeared when the fruit was not 
less than 50 days old. Very slow is the development of the embryo, the 
youngest embryo observed was in a fruit 50 days old. »The first division 
of the fertilized egg was not observed, but apparently it occurs from 
forty to fifty days after fertilization. » Gheesman found in nearly full- 
grown fruits that the embryo may be less than two mm. long, but later 
the embryo must grow very rapidly, »its development being nearly com- 
plete when the fruit stops growing ». Parthenocarpy does not occur. 

The literature on pollination, fertility and fruit development in 
cacao is rich (compare Muntzing, 1. c.). It is a well known fact that 
the cacao tree produces a very large number of flowers (50.000), of 
these a varying number set (in one case almost 6.000), while perhaps 
100 mature fruits are a good crop. Thus most ovaries are dropped the 
first week after the flowering, and during some following weeks (3 — 7) 
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a variable number of developing pods wilt, the so-called clierelle will- 
ing. The fruit is mature after about 6 months. Pound (1931 a) has 
observed a constricted region on the pedicel, where the abscission of the 
flower is brought about by an active osmotic mechanism. Pound 
thinks that the rapid growth of fertilized ovaries drains the soluble 
carbohydrates of the pedicel and therefore the osmotic mechanism does 
not function and the flower is not dropped. There is no self-pollination 
within the cacao flower. Pollination has been claimed to be effected 
through the agency of thrips, aphids and red ants. However, the Cerato- 
pogonid midge FoTcipomyia has been shown to be responsible for most 
of the effective pollination of cacao flowers in Trinidad (see Posnette, 
1944). At Clementina aphids, directly or indirectly through ants, con- 
tribute to pollination; the spontaneous pollination was, however, very 
often, faulty, many styles having no or only a few pollen grains 
(Muntzing, 1. c.). Pound (1931 b) has shown that ovaries from differ- 
ent trees contain about the same number of ovules, while mature fruits 
have a varying number of beans, 25 % or as many as 50' % of the ovules 
not having developed into beans. Later (Pound, 1934) it was shown 
that ovaries six days after pollination may have a varying number of 
ovules that had not increased in size, these ovules probably being un- 
fertilized. The variation of the bean number in mature fruits is thus 
largely a result of incomplete pollination, and Muntzing finds that 
this agrees with, the conclusions drawn from his own observations. 
Pound (1931 a) has further shown that the cherelle wilting cannot be 
due to incomplete fertilization, because an investigation of cherelles 
having a length of two inches showed that the number of good ovules 
was about the same in wilted fruits as in good fruits (the cherelle wilt- 
ing has been attributed to a competition for water and nutrients). 

In Trinitario and Griollo cacao there are self-compatible (self- 
fertile) and self-incompatible (self-sterile) trees. The latter have no or 
very reduced fruit setting when self-pollinated or pollinated with pollen 
from other self-incompatible trees; they have good setting when 
pollinated with pollen from self-compatible trees (see Posnette, 1944). 
Cope (1938) has shown that the incompatibility is not due to an 
arrested or reduced growth of the pollen tubes. Posnette showed that 
incompatible pollen on the stigma caused reduced setting when mixed 
with compatible pollen unless the latter had some hours better start or 
a shorter tube-path to travel. Posnette (1945) showed through hand- 
pollinations that self-incompatible types are very common in Amazonas 
cacao, although they differ from self-incompatible Trinitario types in 
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being cross-compatible, Muntzing (1. c.) used four trees for his 
pollination experiments, the trees 2, 3 and 4 were self-incompatible 
while tree 5 was self-compatible. Cross combinations resulted in a 
commencing fruit development in the cross self-incompatible X self- 
compatible (3 X 5 and 5 X 3), and in one of the crosses self-incom- 
patible X self-incompatible (2 X 3 and 3X2), whereas 3X4 was quite 
negative. 

An embryological investigation on compatible and incompatible 
cacao crosses has already been made by Cope (1939). Flowers of a 
self-incompatible tree were selfed or pollinated with pollen from a self- 
compatible tree; fixations were made, Ihe latest 96 hours after pollin- 
ation. Fertilization was the same in ovaries pollinated incompatibly as 
in those pollinated compatibly ; after 30 hours no difference could be 
observed. Certain post-fertilization differences became, however, more 
pronounced with lapse of time. Division of polar nucleus was initiated 
considerably later in incompatibly fertilized embryo-sacs, and at ab- 
scission less than 25 Jo of the embryo-sacs showed divided polar nuclei. 
While in the compatible cross after 58 hours 22 % of the embryo-sacs 
had divided polar nuclei, after 72 hours 82 the corresponding figures 
from the incompatible cross were 0 % and 5 Jo. Cope considers that 
the late inception and low level of nuclear activity in incompatibly 
pollinated ovaries are responsible for abscission. Posnette (1945) 
showed that in ovaries of a self-incompatible Amazonas type pollen 
tubes had entered the embryo-sacs 30 hours after pollination, thus con- 
firming the observations of Cope. 

The results from the investigation of the Clementina material were 
the following. It must be observed that in most cases the content of all 
ovules in the ovaries (iheir number is more than forty) could not be 
studied, because many sections were often lost during the staining of the 
slides and the starch grains in the embryo-sac often obscured the polar 
nuclei, making observations on their behaviour impossible. 

Selfiug of 5 (compatible pollmalion). — 10 hours: in one ovary 17 fertilized, 
2 unfertilized embryo-sacs were counted, in one 5 fertilized, 12 unfertilized, in one 
2 fertilized, 12 unfertilized. In »unfertilized embryo-sacs» both the synergids wore 
intact and no trace of the pollen tube could be detected in the sac. — 24 hours: in 
two ovaries most embryo-sacs were fertilized, in one all the embryo-sacs were un- 
fertilized. In the latter case the ovules and embryo-sacs had a rather youngish 
appearance. — 48 hours: two ovaries had very few, one had rather many, unfer- 
tilized' embryo-sacs. In unfertilized embryo-sacs the polar nuclei are still in the 
vicinity of the egg-apparatus, in fertilized embryo-sacs they have moved and are 
often near the chalaza, and one of them often has two nucleoli suggesting fusion 
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with 'a sperm. — 72 hours: only one fruit could be investigated. The great majority 
of the embryo-sacs were fertilized, and in such embryo-sacs the polar nuclei were 
often united to a central nucleus; several had, however, polar nuclei. The division 
of the central nucleus (meta-, ana- and telo-phase) was observed only three times 
(a number of sections had been lost). — 7X24 hours: two ovaries had probably 
only enlarged (that is feidilized) ovules, two had many not enlarged ovules. The 
latter were unfertilized, the former had two or mostly four endosperm nuclei. — 
8X24 hours: in three fruits most ovules, in one about half the number of ovules, 
in one no ovule was enlarged. The fruit last mentioned was very small. Enlarged 
ovules had four or eight endosperm nuclei, or four nuclei dividing. — 12 X 24 hours: 
in one fruit less than half the number of the ovules were enlarged, in other fruits 
the great majority were enlarged. Enlarged ovules had in most cases eight, rarely 
four or si.vteen, once only two endosperm nuclei. — A varying number of mitoses 
could be observed in the somatic tissue of the developing ovules in all fixations. 

Selfing of 3 (incompatible pollination). — 10 hours: in each of seven ovaries 
investigated only a few ovules were fertilized. — 25 hours: most embryo-sacs were 
fertilized, polar nuclei were sometimes of different size, indicating fertilization. — 
48 hours: in one ovary were 31 fertilized, 3 unfertilized, in one 30 fertilized, 1 un- 
fertilized, in one 13 fertilized, 24 unfertilized embryo-sacs. The polar nuclei were 
moving towards the chalaza. — 72 hours: four fruits were investigated, as a rule 
the embryo-sacs were fertilized. Only rarely a central nucleus was formed. The 
polar nuclei in fertilized emhryo-sacs were as a rule near the chalaza and showed 
signs of being fertilized. Sometimes the pollen tube had disorganized a synergid, 
the. egg-cell and polar nuclei were, however, not fertilized and no sperms were 
observed. Two embryo-sacs shOAved the diAusion of the central nucleus, and tAvo 
contained two endosperm nuclei. — Mitoses Avere rare in the ovules after 72 hours, 
but numerous after 48 hours. 

5X5 and 5X5 (compatible pollinations). — 10 hours: in 3X5 one ovary 
contained only fertilized embryo-sacs, one only unfertilized, AA^hile a third had about 
half the number of its embryo-sacs fertilized. Similar conditions Av^ere ^liown by 
5 X 3 . — 90 hours: izi 3X5 three fruits were relatively large and had most ovule.s 
fertilized, one fruit Avas rather small and had only about half the number of ovules 
fertilized, in another small fruit all ovules Avere unfertilized. Fertilized embryo-sacs 
had in most cases tAvo endosperm nuclei, in some cases the division of the central 
nucleus was observed, the central nucleus Avas rarely undivided. In 5X3 fertilized 
embryo-sacs had two or four endosperm nuclei, in one case, hoAve\"er, polar nuclei. — 
7 X 24 hours: in 3X5 the enlarged OAUiles in most cases had four (sometimes two 
or eight) endo.sperm nuclei, in 5X3 the most common number of endosperm 
nuclei was eight. — Miloses in the fertilized ovules of some fruits AA^ere common, 
in other fruits more rare. 

2X5 and 3X2 (probably compatible pollinalions). — 95 hours (3X2): in 
one ovary most oAUiles Avere fertilized, in one only few Avere fertilized, in one about 
half the number Avere fertilized. Fertilized OAmles had two or four endosperm 
nuclei. — 7 X 24 hours (2 X 3) : enlarged ovules had in most cases four, sometimes 
only tAVO, endosperm nuclei (the occurrence of eight Avas doubtful). — 7X24 
hours, a vdlted cherelle (2 X 3) : about half the number of ovules were enlarged 
Avith in most cases four endosperm nuclei, the egg-cells were indistinct. Tlie inner 
integument had degenerated in the unfertilized ovules, but this vA^as also the ca.se 
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ill unfertilized ovules of the non- wilted cherelle. — 10 X 24 hours (2X3): enlarged 
ovules have in most cases eight endosperm nuclei. — 8 X 24 hours (3 X 2) : most 
ovules were enlarged. They had eight or more rarely four endosperm nuclei. 
A few of the ovules that had not been enlarged showed indication of a fertilization 
of the embryo-sac, however, their polar nuclei were not divided (Fig. 4). *— 
12 X 24 hours (3X2); some ovules were degenerated. Enlarged ovules had mostly 
eight endosperm nuclei. 

X 4 and 4 X (probably incompatible pollinations). — 72 hours (3 X4): 






Figs. 1— '4, ovules oi Tlicobroma cacao. — 5 selfed, 48 hours after pollination. — 

2: 3 X 5, 25 hours after pollination, pollen tube in the micropylar canal, — 3: 4X3, 
9(> hours after pollination, the embryo-sac was probably not fertilized, the inner 
integument is collapsed; the outer integument is not figured. — 4: 2X3, 8 days after 
pollination, the pollen tube had penetrated into the embryo-sac but the polar nuclei 
are probably not fertilized; they are still surrounded by starch. — X 230, 

in the ovary investigated most embryo-sacs were fertilized. They had polar nuclei 
or a central nucleus, which often were not near the chalaza, rarely two endosperm 
nuclei. — 4 X 24 hours, a dropped flower (4X3): one fruit, about half the number 
of embryo-sacs were fertilized. Such embryo-sacs had two, but in some cases four, 
endosperm nuclei (Fig. 14). In several embryo-sacs having a disorganized .synergid 
polar nuclei had not been fertilized. — - Mitoses were rather common in the inner 
integument after 72 hours, but could very rarely be observed in the dropped flower. 
Ill the latter, unfertilized ovules were smaller than fertilized and their inner integu- 
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meiit was often degenerated (Fig. 3). The egg-cell was distinct in most embryo-sacs 
of the dropped ovary. 

From the observations made a general description of the seed devel- 
opment, which in some points supplements the papers of Cheesman 
and Cope, may deserve publication. The outer integument is higher 
than the inner integument; it is not, however, developed on the funicular 
side of the ovule. The inner integument has its strongest development 
on the funicular side, on the abaxial side of the ovule its growth is 
arrested before it reaches the apical part of the nucellus. Thus the 
micropylar canal, which is directed laterally towards the placenta, is 
on the funicular side limited by the inner integument, while the outer 
integument is in contact with the apical part of the nucellus (Fig. 1), 
the zone of contact sometimes being rather broad (Fig. 2). The pollen 
tube grows through the micropylar canal to the apex of the nucellus 
and then through the nucellar layers to the embryo-sac. The tube was 
more easily observed at the entrance of the micropylar canal or in the 
nucellus in 3 or 3 X 5 than in 5 owing to the fact that it was thicker 
here (Fig. 2). 

Only very rarely was the embryo-sac aborted. Organized -embryo- 
sacs had a very large egg-apparatus (Fig. 5), The synergids are rather 
variable; the basal part of the synergid cells is sometimes a rather long 
cone, but in other embryo-sacs it is broad with conspicuous synergidal 
lists. Sometimes each synergid had a cap (Fig. 6); in slides stained with 
light-green the caps were green; they are thus probably made of 
cellulosa, as was expected. After the pollen tube has entered the 
embryo-sac one synergid is disorganized. The egg-cell is long and poor 
in cytoplasm. Fertilized egg-cells undergo certain changes, they become 
shortened, are relatively richer in cytoplasm and their nucleus is larger. 
They enter, as has been shown by Cheesman, into a long resting stage: 
after 12 days no egg-cell was divided in the Clementina material. The 
polar nuclei are in the vicinity of the egg-apparatus, after fertilization 
they move to a position near the chalaza, where the first division of the 
•endosperm occurs (Fig. 12). In 5 they had more often than in 3 
reached the chalaza after 48 hours. If fertilization of the embryo-sac 
fails, they as a rule remain in their original position, but are perhaps 
able to move later: a week after pollination they have sometimes been 
observed near the chalaza in embryo-sacs that were probably unfer- 
tilized. The antipodal cells of the embryo-sac are not particularly small 
but are ephemeral. . The starch grains in the embryo-sac have been 
described and figured by Cheesman and Cope. They are ofter clustered 
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on the polar nuclei and follow these to the chalaza. After 72 hours they 
lend to be more dispersed, diminish in number and have often dis- 
appeared after 90 hours. In unfertilized embryo-sacs they remain 
longer. 

Cheesman and Cope have pictured a small male nucleus in contact 
with the egg nucleus. ChetiISMAN also figures a small male nucleus in 



Figs. 5 — 15, Theobroma cacao. — 5: ciii])ryo-sac of 5; one synergicl and two anti- 
podals are not figured. X 760. — 6: egg.-upparatus of 5, the synergids have caps. 
X 920. — 7: 3 X 5, 25 hours after pollination, sperm on the side of the egg-cell. 
X 1900. — S: 5 selfed, 24 hours after pollination; two male nuclei in the egg-cell. 
X 920. — 9: 5 selfed, 72 hours after pollination; polar nuclei, one of them fertilized, 
X 760. — 10: 5 selfed, 72 hours after pollination; central nucleus. X 760. — 11: 3 
selfed, 48 hours after pollination; polar nuclei and male nucleus. X 760. — 72: 3 
selfed, 72 hours after pollination; the first division of the endosperm. X 760. — 
13: 3 selfed, 72 hours after pollination; the embryo-sac has two endosperm nuclei. 
X 760. — 7^: 4X3, 96 hours after pollination; four endosperm nuclei. X 760. — 
75: nuclear plate — the endosperm divisions; the number of chromosomes is (about) 

30. X 1900. 
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contact with the two polar nuclei. I have found observations on fertili- 
zation difficult. The male nuclei seem to change form and size when 
introduced into the embryo-sac. Fig. 7 shows a spindle-like chromo- 
philic sperm from the vicinity of the egg-cell. Later the sperm seems 
to have taken the appearance of an ordinary nucleus as in the figures 
of Cheesman and Cope; the egg-cell in Fig. 8 seemed to contain two 
such nuclei. Fig. 11 indicates that the male nucleus may approach the 
size of a polar nucleus. Flowever, in the Clementina material triple 
fusion only rarely occurs. In fertilized embryo-sacs the polar nuclei 
were of different size and one of them had two nucleoli (Fig. 9). Thus 
the male nucleus in most cases fertilizes one of the polar nuclei; later 
the polar nuclei unite, forming a central nucleus having several nucleoli 
(Fig. 10). A central nucleus was only observed after 72 hours, and 
thus is formed immediately before the first division of the endosperm. 
In only a minority of the embryo-sacs of 5 did this division occur at 72 
hours, and thus it is distinctly later than in the compatible combination 
studied by Cope and about as late as in the material of Cheesman. After 
96 hours the fertilized embryo-sacs as a rule had two (or more rarely 
four) endosperm nuclei; undivided polar nuclei were then rare. This 
was also the case in the probably incompatible combination 4X3, 
and here the more sluggish development found by Cope after incom- 
patible pollination perhaps did not occur. The latest fixation made of 
the incompatible 3 was after 72- hours. In some ovules the first division 
in the endosperm was observed or had occurred, but, as many more 
ovules could be studied of 3 than of 5 while the number of observed 
divisions was about the same in the two cases, it seems that the division 
is retarded in the incompatible combination. And it is a fact that a 
central nucleus could only seldom be observed in 3, the polar nuclei 
being rarely united after 72 hours. Thus selfing of 3 seems to result 
in a belated fertilization and a retarded nuclear activity in the fertilized 
embryo-sac. 

The first endosperm nuclei are relatively large and have several nu- 
cleoli. The size of the endosperm nuclei diminishes in the following divi- 
sions, The chromosome number of the endosperm was as expected 30 
(Fig. 15 ). The rate of development of the endosperm is slow. There seemed 
to be differences of this rate in the two reciprocal crosses with 3 and 5, 
but the investigated material is obviously too small to allow of any 
certain conclusions in this respect. In some ovules of a cherelle the 
rate of development of the endosperm was retarded. There are also 
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differences in the size of the embryo-sacs in the same cherelle, some of 
them being conspicuously broader or smaller than the majority. 

The inner integument has two or three layers at the time of fertili- 
zation. In all fixations of 5 one observes cell-divisions in the inner inte- 
gument and nucellus of the fertilized ovules; if fertilization fails the 
divisions cease. Many mitotic spindles have a radial orientation and 
therefore the bulk of the nucellus and the number of layers of the inner 
integument increase, the latter to 4—5 after a week and 5 — 6 after 12 
days. After the probably compatible crosses between 2 and 3, mitotic 
divisions seemed as a rule rarer than in 5, and this is confirmed by the 
inner integument having only 4 — 5 layers after 10 days, 4 layers after 
a week. After a week the inner integuments of 3X5 had 4 layers, 
those of 5X3, 4 — 5 layers. The incompatible selfing of 3 had mitosis 
in many ovules after 48 hours, but after 72 hours only few of the fertili- 
zed ovules had one or two divisions in the inner integument and the 
nucellus. In the probably incompatible combination 3X4, however, 
cell-divisions were numerous in many ovules after 72 hours, but very 
few divisions could be observed after 96 hours (in a dropped flower). 

In all cherelles investigated there was at least some unfertilized 
ovules. Incompatible pollination seems to result in belated fertilizations, 
but after 48 hours the great majority of the ovules may be fertilized; 
after compatible pollinations, too, as a rule not all ovules are fertilized. 
The unfertilized ovules of the cacao seem to merit a description. 96 
hours after pollination ovules with unfertilized embryo-sacs are di- 
stinctly smaller than fertilized ovules in the same cherelle owing to the 
earlier cessation of cell-division. The embryo-sac has, however, en- 
larged. It is quite as broad as the fertilized embryo-sacs with endo- 
sperm nuclei but shorter. During the widening of the unfertilized 
embryo-sac several nucellus layers are destroyed. The behaviour of 
starch grains and polar nuclei have been described above: the cells of 
the egg-apparatus soon become poor in cytoplasm, and are often, in- 
distinct. A degeneration of the somatic tissue occurs and this de- 
generation always begins with the inner integument. As early as 96 
hours after pollination in some or most unfertilized ovules the cells 
of the inner integument have collapsed, and after a week the inner 
integument has collapsed in all unfertilized ovules. The remaining 
nucellus layers also collapse and, as the inner integument is mostly 
close to the nucellus layers, the unfertilized ovules after a week have a 
peculiar hollow appearance like an empty shell (Fig. 3). Then the 
ovules dry and the lumen of the embryo-sac shrinks; after 10 or 12 



ECUADORIAN CACAO 


535 


days almost all unfertilized ovules have dried. A similar appearance is 
assumed by ovules where a pollen tube had disorganized a synergid but 
the polar nuclei could not divide, probably due to failure of fertilization 
(Fig. 4). 

Conclusions. — Einbryological studies may help to an under- 
standing of the .different sterility in cacao: the early drop of many 
ovaries, the cherelle wilting and the aborted seeds in such pods as reach 
maturity. A special problem is offered by the incompatibility. The 
early drop after compatible crossings is probably mostly a result of 
failures of pollination. Pound found that unpollinated flowers remain 
on the tree 48 hours at the highest, owing to the function of an abscis- 
sion mechanism. The material here investigated had been hand- 
pollinated and therefore a number of pollen grains probably sufficient 
to fertilize all ovules in the ovaries had been brought to the stigmas. It 
is, however, a fact that as a rule a variable number of the ovules in 
these liand'-pollinated flowers were unfertilized. In certain extreme 
cases no ovule was fertilized, and such ovaries could remain on the 
tree a week. This is perhaps an indication that pollination per se, that 
is pollination not followed by fertilization, tends to retard the function 
of the abscission mechanism. Gherelles with no fertilized ovules were 
much smaller than normal cherelles of the same age; an intermediate 
size had cherelles where about half the number of ovules were fertilized. 
That , the abortion of seeds in the pods to a large extent depends on 
failures of fertilizations is quite clear; in a cherelle 12 days old no doubt 
half the ovules could be unfertilized. In some cases the ovule w;as fer- 
tilized but development did not start. There were also a certain though 
low number of fertilized, ovules that were unusually small and had a 
narrow embryo-sac with an abnormally low number of endosperm 
nuclei. Such ovules probably degenerate later, having too low a rate 
of development, and may thus increase the seed sterility. A fourth 
cause of seed abortion may perhaps be degeneration of the egg-cell or 
the embryo. Such abortions could not be studied and it is unknown 
whether they occur in any appreciable frequency. 

Concerning the question of cherelle wilting, it has already been 
mentioned that Pound found the number of good ovules to be about the 
same in good and wilting cherelles. However, an einbryological in- 
vestigation has not been made; many ovules in the wilting cherelles are 
perhaps abnormal. Professor MtiNTZiNG was only able to make fixations 
during 12 days, and thus the cherelle wilting could not be studied here. 
Brink and Cooper (1941) have shown (their paper has also been cited 
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by Muntzing) that in certain species hybrid's there are a slow develop- 
ment of the endosperm and an excessive growth of the somatic tissue 
of the ovule (integument or nucellus), leading to starvation and death 
of the embryo. This kind of sterility they call somatoplastic sterility, 
and they consider the abnormality of the somatic tissue to be a cause 
of the slow development of the endosperm, and this in its turn leads to 
the abortion of the embryo and the seed. After a review of the sur- 
prisingly meagre literature on the embryology of dropped orchard fruits 
they express the opinion that the so-called June drop of orchard fruits 
is a result of abortion of seeds, this seed abortion being caused by 
somatoplastic sterility. It may be mentioned that Luckwill (1946), in 
apple seeds from three to ten weeks old, found a fruit, setting hormone. 
The fructigenic activity of the seeds expires about 10 weeks after the 
petal fall, that is at the time of the June drop. 

It is tempting to compare the cherelle wilting of cacao with the 
June drop of orchard fruits, somatoplastic sterility perhaps causing a 
weak development of the seeds and thus an insufficient production of a 
fruit setting hormone. However, one feature of somatoplastic sterility, 
excessive development of nucellus and integument, one would liardly 
expect to find here. Gheesman showed that there is »a considerable 
development of the nucellus, forming perisperm, whilst up to the time 
of wall-formation the endosperm is a very thin layer lining the embryo- 
sac. From this point onwards the endosperm increases more rapidly, 
and the perisperm is soon reduced in i3roportion». The first wall- 
formation in the endosperm was obseiwed by Gheesman in fruits about 
fifty days old. As normally the development of nucellus is strong and 
of endosperm weak, it seems unlikely that excessive development of 
nucellus can be a cause of seed abortion in cacao. However, the devel- 
oping ^ndosperm may perhaps sometimes have inherent weakness 
leading to abortion, the endosperm not being able to reduce the peri- 
sperm. An ernbryological investigation of the state of the seeds in good 
and wilting cherelles is, however, needed. 

The incompatibility in cacao is not a result of failure of fertili- 
zation, as has been shown by Cope, who, lio'wever, found the devel- 
opment in the embi'yo-sac to be more sluggish after incompatible 
pollinations. The delayed and slow development of the embryo-sac 
after incompatible pollinations is responsible for the failure to set fruit 
and the abscission. »Where, as in compatibly pollinated ovaries, activity 
of the contents of the embryo-sac is at a high level of intensity, then the 
turgor abscission mechanism does not operate. » Cope had investigated 
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cacao from Trinidad. Posnette concludes concerning the self-incom- 
patibility in Amazonas cacao (here crosses between incompatibles are 
compatible): »It is tentatively suggested that the failure to inhibit the 
maternal mechanism of flower-shedding occurs when the jpollen tube 
carries the same incompatibility gene as the maternal tissue » (1945). 
Of the two incompatible combinations investigated here, 3X3 and 
3X4, the former showed a slower development in the fertilized embryo - 
sacs than compatible combinations, though the difference does pot seem 
to be as great as that found by Cope. I could not observe that »some 
sacs were completely devoid of nuclear content, although starch 
persisted)) (Cope, 1. c.), such a state of things having only been ob- 
served by me in older unfertilized embryo-sacs. There was less evidence 
of sluggish activity in fertilized embryo-sacs of the combinations 4X3; 
as a rule fertilized ovules had two or four endosperm nuclei after 
96 hours. 

The observations made here indicate that after incompatible pollin- 
ations fertilized ovules soon show no divisions in iiucelliis and the inner 
integument. After 72 hours only a few ovules had some cell-divisions 
in 3X3, and in 3X4 they had ceased after 96 hours even if the 
embryo-sac of the ovule had endosperm nuclei and therefore had shown 
normal activity. If fertilization fails, the cell- divisions in the somatic 
tissue of the ovule stop and the cells of the inner integument soon 
collapse, the degeneration being first manifest in this tissue. Fertili- 
zation starts a new nuclear activity in the somatic tissue of the ovule, 
mitoses in nucelliis and inner integument soon becoming numerous, hut 
it seems that the stimulus to new nuclear activity is weak after an in- 
compatible fertilization. This cessation of mitosis was evident in all 
ovules of the ovary that had been pollinated incompatibly even if they 
had an embryo-sac with four endosperm nuclei, and thus perhaps the 
fertilization (of the polar nuclei?) has a direct influence on the somatic 
tissue. After incompatible fertilizations this influence is perhaps too 
weak; there is soon no nuclear activity in the somatic tissue and Ihere- 
fore the function of the abscission mechanism is not stopped. 
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DISTURBANCES IN MICROSPORE CYTO 
LOGY OF ANTHOXANTHUM 


BY A. LIMA-de-FARIA 

INSTITUTE OF GENETICS, LUND, SWEDEN 


I N 1935 Geitler showed that the microspore is a polarized cell ii 
which the axis of the division of the nucleus of the pollen grain 1 
constant and characteristic of each species or genus. 

The development of the microspore in Tradcscrmtia has been care 
fully described by Sax and Edmonds (1933). From the description oi 
these authoi’s we can recognize three steps in the development of thf 
pollen grain before the second pollen mitosis: firstly, the movement oj 
the nucleus to a special position accompanied by changes in the cyto- 
plasm and movements of the vacuole; secondly, the orientated division: 
and, thirdly, the differentiation of the two new” nuclei. The second 
pollen division involving only the generative nucleus follows in the 
pollen tube during the germination of the grain. 

In Anthoxanthiim, as in other grasses, the first division of the 
pollen grain has a characteristically oriented and asymmetric spindle 
and it gives rise to two nuclei of different shape and appearance: one 
darkly stained that originates near the cell-wall, and another faintly 
stained larger and more rounded that originates in the middle of the 
cell. The second division also takes place inside the pollen grain, it 
consists in the division of the more stained nucleus called the generative; 
while the btlier, the vegetative, becomes more and more pale, and 
remains a resting nucleus. In this division of the generative nucleus, 
the chromosomes are mucli contracted, and after telophase the two 
dauglvter nuclei start to assume sjDindle shape. 

In the material of wild origin of Anthoxanthiim aristatiiJ2\ Boiss., 
with B cliromosonies, kindly ceded by Dr. G. Ostergren (OsTERCiREN^ 
1947), there were found some disturbances in this process. 

It was observed that in 7 plants with different numbers of B chro- 
mosomes the disturbances were as listed in Table 1. 

Non-orieniation^ weak or non-differentiation of the two nuclei. — 
In all the plants, besides the pollen grains with normal orientation and 
differentiation, there could be found as an occasional intermixture, 
varying from anther to anther, such in which the two nuclei were un- 
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TABLE 1. Disturbances in the nhcrospores of A. aristatiim. 


Ucference 

number 

Number of B 

chromosomes 

Disturbances observed 

1 

1 

Non-orienta- 
tion, weak or 
non-dilferen- 
tialion of the 
2 nuclei 

Supernume- 
rary mitosis 

Chromatin 

drops 

2 

1 

)) 

— 

— 

3’ 

1 

)) 




2 

)) 


— 

5 i 

2 

» 

— 

■ — 

() 

2 

» 

— 

— 

7 

4 

)j 


— 


clLstiaguishable from one another or where thc^^ presented all degrees 
of transition between complete differentiation and no kind of differ- 
eniiatioii (Figs. 19 and 20). This non-differentiation was accompanied 
by ail absence of orientation and the nuclear development was in most 
cases displaced in the direction of a weaker staining or less commonly 
in the direction of a stronger staining, that is to say, the two nuclei 
approximated the appearance of a vegetative nucleus or in a few cases 
(plant 2) that of a generative nucleus. 

In plants 2 and 7 there could also be found, besides these non- 
differentiated grains, other abnormal pollen grains with degenerating 
nuclei and empty pollen grains. These last ones have been considered 
as the final result of the degeneration of those non-differentiated pollen 
grains which have been unable to proceed to division and ‘life. This 
view was supported by the fact that in the same anther, besides non- 
differentiated pollen grains, there were many pollen grains with three 
well differentiated nuclei (with two sperm nuclei already of spindle 
shape). This shows that these non-differentiated nuclei really could not 
reach division, or were much delayed in attaining it. 

In another plant (plant 1) non-differentiation was not only followed 
by degeneration but also by supernumerary mitosis; the two nuclei 
were able to divide and they sometimes reached the stage of 4 nuclei. 

Supernumerary mitosis, chromosome contraction and spindle dis- 
turbances. — In plant 1 it was found that the pollen grains in some 
cases develop with a normal differentiation and orientation of their 
nuclei, which then also divide normally, but in other cases there results 
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a non-orientation and'weak differentiation connected with division c 
one or both the two nuclei formed after the first division. It has bee 
possible to recognize a complete series of transitions between, on or 
hand, the division of only the generative nucleus and non-division of 111 
vegetative nucleus (the normal case) and, on the other hand, the con 
plete division of the vegetative nucleus without the division of th 
generative. 

Looking at Figs. 1 to 3 we can see the normal case (case 1 ) in whic 
the vegetative nucleus remains palely stained and the generative (Fig. 1 
begins to divide (Fig. 2), giving origin to the 2 spindle-shaped sperii 
nuclei (Fig. 3). The chromosomes appear (Fig. 2) already contracted 

In the second case, after the normal division of the generativ 
nucleus, the vegetative begins to divide. In Fig. 4 a prophase of th 
vegetative nucleus with the five chromosomes is seen between tw( 
typical sperm nuclei; in Fig. 5 a normal metaphase plate in the middli 
of two sperm nuclei; in Fig. 6 a metaphase in which the chromosome; 
are just divided and much contracted, with the appearance of a col 
chicine-mitosis; in Fig. 7 the case of an abnormal anaphase in whicl 
the pairs of chromosomes can still be seen, coming most probably fron 
an abnormal metaphase like that of Fig. 6. Figures very similar tc 
these with c-mitotic appearance and extra contraction have beei 
recorded by Barber (1941) after heat -treatment in the pollen grain 
of Uvularia, and Sax (1937 b) has also found contraction of the chro 
mosomes in Tradescantia (a triploid plant). 

The third case (Fig. 8) is considered as being most probably tin 
result of the division of the generative nucleus immediately followec 
by the division of the vegetative, which is developing a inetaphase plate 
between the two anaphase groups of the generative nucleus. 

In case four (Figs. 9 and 10) a complete synchronization of the twc 
nuclei is found and it is only possible to guess which is the vegetative 
and which is the generative nucleus by the number of chroinosoraes, 
]3ut in all other respects they are midistinguishahle. 

In Anthoxanthiim (Ostergren, 1. c.) as in rye (Muntzing, 1946) 
the B chromosomes perform a non-disjunction at the first pollen mitosis 
and are included in the generative nucleus, the vegetative nucleus being 
without B chromosomes. As, in A. aristatum, the number of chromo- 
somes is 2n — 10 and plant No. 1 has 1 B chromosome, when the 
pollen grain gets 1 B chromosome the vegetative nucleus will get only 
5 chromosomes, and the generative will get 7 (Figs. 9, 10, 14), but if the 
pollen grain does not get any B chromosome each nucleus will have 5 
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Figs. 1 — 18. Series in the course of division of the pollen nuclei from the normal case 
to the division of the vegetative nucleus without division of the generative. — Figs. 1 — 8, 
case 1, normal case. — Figs. 4 — 7, case 2, division of the vegetative nucleus after 
the division of the generative. — Fig. 8, case 3, probable division of the vegetative 


chromosomes and they will be undistingiiishable. It must be pointed 
out in this connection, however, that the utility of the B chromosomes 
in recognizing the vegetative and generative nucleus depends entirely 
on the truth of the assumption that the distribution mechanism of the 
B functions normally, an assumption which may not hold under these 
abnormal conditions. 

Through the synchronization of the division of the two nuclei they 
give origin to a common metaphase (Figs. 11, 12 and 13), which shows 
non-orientation of the chromosomes in the metaphase plate and some- 
times strong contraction of the chromosomes (Fig. 13) like the prophase 
chromosomes of Figs. 9 and 10. What the destiny is of these two 
simultaneous mitoses could not be discovered with exactitude. We will 
come later to this point. A similar case of simultaneous but not syn- 
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nucleus when the generative is still at anaphase, — - Figs. 9 — 13, case. 4, synchronized 
division of the two nuclei and conmion metaphase. — Figs. 14 and 15, case 5, 
division of the generative nucleus after that of the vegetative. — Figs. 1(> — 18, case 6, 
division of the vegetative nucleus without division of the generative, — X 1290. 

chronized mitoses has been found by Darlington and Janaki-Ammal 
(1945) in Nicandra, where the two nuclei divide at the same time but 
with a difference in phase. Darlington and Thomas (1941) have also 
found a common anaphase in Sorghum of two secondary central nuclei 
which have developed a third mitosis at their previous fusion, although 
this case differs from the Antlioxanthiim case reported here, because in 
Sorghum the two nuclei are of vegetative nature while in Anthoxantlimn 
one may be a generative and the other a vegetative nucleus, at any rate 
in many cases. 

Case five shows (Fig. 14) the division of the generative nucleus 
(7 chromosomes) still at prophase when the vegetative is already at 
anaphase, in Fig. 15 the two vegetative nuclei were formed and the 
generative nucleus is reaching metaphase (note contraction of the chro-i 
mosomes). 
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Figs. 19 and 20, Pollen grain with non-cliff erentiated nuclei (Fig. 19) or w^eak dif- 
ferentiated nuclei (Fig, 20). — Fig. 21, pollen grain with chromatin drop. — Figs. 
22^ — 24, pollen grains with 4 nuclei considered as the result of supernumerary 
mitosis, — Figs. 25 — 27, pollen grains with a chromatin constitution considered, 
probably, as the result of supenuiinerary mitosis. — X 1290. 


Case six shows the non-division of the generative nucleus accom- 
panied by the division of the vegetative. The generative nucleus is, as 
usual, recognized by its smaller size and stronger staining ability. In 
Fig. 16 it is at prophase, in Fig. 17 at metaphase (note contraction and 
irregular distribution), and in Fig. 18 at anaphase. 

These six cases show a complete seriation in the asynclironism of 
the division of generative and vegetative nuclei, which rises from the 
normal case of the division of the generative nucleus without division 
of the vegetative, passing through the complete synchronization of the 
division of the two nuclei to the division of the vegetative nucleus without 
any division of the generative. 

The result of these supernumerary mitoses could not be definitely 
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ascertained. However, some observations that have been brought 
together in Figs. 22 to 27 show that in some cases the two divisions give 
origin to four nuclei and that of these four nuclei 2 are of a generative 
type and 2 of a vegetative type (Figs. 22 and 23), while in other cases 
4 nuclei are formed which are not so well marked in type, for instance 
Fig. 24, which shows a pollen grain with 4 nuclei, 3 of which are of a 
generative type and one of a vegetative type, and also a case with 4 
nuclei (2 fused) with a vegetative appearance, and another (Fig, 25) 
with 4 nuclei, two of which have not a regular nuclear shape; we con- 
sider them to be most probably the result of a common metaphase. In 
other cases it is possible to find pollen gTains full of drops of 
a chromatin nature (Fig. 26) which most likely are another result 
of a common metaphase. In another case these chromatin drops appear 
in a prophase nucleus that seems to have degenerated before proceeding 
any further. 

Chromatin drops. — Only in plant 1 has there been found a large 
quantity of pollen grains with chromatin drops in the cytoplasm 
(Fig. 21). In other plants only one or two pollen grains were found 
that contained them. 

These drops appear in pollen grains with one, two and three nuclei 
but especially in uninucleate pollen grains, less often in binucleate ones 
and only a few in trinucleate pollen grains. 

Contrary to the data obtained by Muntzing (1. c.) in rye, the fre- 
quency of chromatin drops in the present case is higher in uninucleate 
pollen grains than in binucleate ones. This shows that most probably 
these drops have their origin from the chromosomes of the normal 
complement and not from the B’s, as most likely was the case in 
rye. Because, if the chromatin drops were from the B’s, owing to llie 
fact that the B’s delay division (Ostergren, 1. c. ) those pollen grains 
which have chromatin drops will not get the B’s in their nucleus and 
lienee on an average they will divide more quickly than live others. But, 
as we can see from the data of Table 2, this is not what happens, the 
pollen grains tliat have chromatin drops are not hastened, Imt are on 
the contrary delayed in their division. Thus the chromatin drops most 
probably have their origin in the chromosomes of the normal comple- 
ment. The elimination of a normal chromosome from the nucleus is 
most likely, either strongly to retard mitosis of that pollen grain or com- 
pletely to inhibit it. No doubt, these drops indicate some asynapsis 
during meiosis in this plant. There is one more reason to show that 
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TABLE 2. Relation between chromatin drops and division. 


Number of chromatin 

Number of pollen grains 

Number of pollen grains 

drops 

with 1 nucleus 

with 2 nuclei 

0 

24 ! 

20 

1 1 

cS2 j 

13 


they must derive Irom the normal complement; B’s are not eliminated 
at meiosis, not even when unpaired (Ostergren, 1. c.). 

The analysis of these data indicates a significant difference, thus 
we are able to admit a positive correlation between chromatin drops and 
delay in division. 

The presence of chromatin drops is not correlated to the presence 
of B\s in another respect, that is to say, they appear only in plant 1 
which has 1 B chromosome and not in other plants with the same 
number of B’s or in plants with a higher number (2 or 4). It consequently 
seems that they most probably have their origin in an imbalanced 
genetic constitution of the plant, an unbalance to which the B most 
probably does not contribute at all or, mostly, to a minor extent. 


DISCUSSION* 

Relation between orientation and differentiation. — Non-differ- 
entiation is known to occur in a low frequency (7 under normal 
conditions in Tradescantia gigantea (Sax, 1937 b), and can be produced 
by difterent agencies. Sax (1935) has been able to produce the lack of 
orientation and differentiation in the pollen grains oi Tradescantia by 
cold as well as by heat-treahnent, and has found that the degree of differ- 
entiation of the two nuclei is closely associated with the angle of division. 
TemiDerature seems to affect cytoplasmic movement though not so much 
nuclear division. In a single anther Sax has found all degrees of differ- 
entiation, including the normal condition. lie has also observed that 
heat-treatment is able to induce non-differentiation in the microspores 
of Pseiidolarix amabilis, but in this case a difference was found from 
the Tradescantia case, that is, the differentiation of the two nuclei was 
not directly dependent upon the spindle orientation but upon the po- 
sition more or less close to the wall of one of the two nuclei. In this 
case differentiation seems to he regional, that is to say, to be associated 
with some regions of the cytoplasm of the pollen grain (in this case the 
wall). Thus, it seems that differentiation is connected neither ab- 
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solutely with orientation nor absolutely with region, but it is connected 
with cell architecture, which in one case is expressed in one way and in 
another case in another way, and this architecture is the result of syn- 
chronization of the cytoplasmic and nuclear activities. 

Roller (1943) could also obtain a loss of differentiation by means 
of the action of X-rays upon the pollen grains of Tradescantia, in which 
case the lack of differentiation was positively correlated to the presence 
of micronuclei. 

An observation showing that differentiation is not directly con- 
nected with orientation is that made by Sax and Husted (1936) in 
Periploca sepium. The pollen grains of this species do not separate, 
remaining in tetrads, and the spindle of the microspore division may be 
in any plane, but » differentiation of generative and tube nuclei is 
complete, regardless of their orientation in the cell». 

Thus we are able to conclude that orientation is not always directly 
connected wiih differentiation, which shows that simultaneity does not 
necessarily imply connection. The two phenomena seem to depend more 
on the timing of the activities of the nucleus and cytoplasm. 

Relation between non-differentiation and supernumerary mitosis. 
— The relation between non-differentiation and supernumerary mitosis 
seems to be of the same kind. 

There are already some cases in which supernumerary mitosis 
has been recognized (Table 3). In normal conditions it has been re- 
ported by Sax (1935) in a plant of Tradescantia growing in a green- 
house, and in normal plants of Sorghum by Darlington and 
Thomas (1. c.). 

Supernumerary mitosis has also been induced under experimental 
conditions. In Hyacinthas, after heat-treatment, de Mol (1923) 
found pollen grains with 2 to 8 globular, non-differentiated nuclei. 
By the action of temperature in Tradescantia vSax (1.935) ob- 
tained superniimerary mitosis, accompanied by lack of differentiation. 
In Nicandra, which species contains a peculiar isochromosome, Dar- 
lington and Janaki-Ammal (l. c.) also found a second division of the 
vegetative nucleus attended by non-differentiation (in 25 % of the pollen 
grains of an anther from a single plant). 

In the material of Anthoxanthiim discussed here one plant showed 
supernumerary mitosis of the vegetative nucleus accompanied by non- 
differentiation, while the other six plants all had non-differentiation 
without supernumerary mitosis. Non-differentiation seems to be con- 
nected, though not directly, with supernumerary mitosis. 
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TABLE 3. Superniuiterary mitosis in microspores.^ 


Normal conditions 

Experimental conditions 

In plants with unbalan- 
ced genetic constitution 

Tradescantia, Sax (1935) 

Hijacinlhiis, DE Mol 

Tradescantia (triploid). 

Sorghum, Darlington 

(1923) 

Sax (1937 b) 

and Thomas (1941) 

Tradescantia, Sax (1935) 

1 

A rn aryllis (polyploid), 

Upcott (1939) 

Sorghum (B’s), Dar- 
lington and Thomas 
(1941) 

Nicandra (isochromoso- 
mes), Darlington and 
Janaki-Ammal (1945) 
Anthoxanthiim (B’s), the 
present paper 


‘ The cases recorded by Beadi.e (1931) and Johnsson (1944) arc considered as 
supernumerary mitosis somewhat different from those listed here. 

Relation between supernumerary mitosis and mibalanced genetic 
constitution, — Dakungton and Thomas (1. c.) found in llieir material 
a relation between supernumerary mitosis and B chromosomes. In 
Sorghum, where they found supernumerary divisions of the vegetative 
nucleus, they observed that the extra divisions are stimulated by the 
presence of B’s, having noted in all the 20 pollen grains studied in this 
respect that B chromosomes were present at the first extra pollen 
division. Anyhow, this is not exactly the case in Anthoxanthiim, as can 
be seen from the presence of B’s in the supernumerary mitosis of Figs. 
9, 10 and 14 and their absence in Fig. 15. 

These authors have also observed a variation in intensity of super- 
numerary divisions, conforming with a variation in the frequency of 
B’s. By a glance at Table 1 it is possible to see that this is not the 
case in Anthoxanthiim: the plants with the highest number of B’s have 
no supernumerary mitosis, and of plants with the same number: one 
has and the others have not. 

Darlington and Janaki-Ammal (1. c.) found a second division of 
the vegetative nucleus in Nicandra with isochromosomes. In polyploid 
material as Amaryllis Belladonna (Upcott, 1939) and triploid Trade- 
scantia (Sax, 1937 b) a second division of the vegetative nucleus has 
also been observed several times in Amaryllis and occasionally in 
Tradescantia. 
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This indicates that supernumertuy mitosis may sometimes be 
correlated to a genetic unbalanced constitution, but we can see Iroin 
the facts here rejDorted from Antboxanthiim that the correlation is not 
absolute. 

Conchisions. — If life is considered to be dependent upon a series 
of reactions which normally proceed at rates bearing a definite re- 
lation to one another, an idea pointed out by Osterhout (1921), it is 
clear that a disturbance of these rate relations should have profound 
effects upon the organism. 

Disturbances in such rate relations are known to have different 
origin and to lead sometimes to the same phenotypical result, as is 
known from Goldschmidt’s works (Goldschmidt, 1938); and, as Sax 
(1937 a) reported, abnormalities induced by temperature treatment are 
similar to such induced by narcotics, osmotic pressure, X-rays, genetic 
factors, and other agencies. Most of these various agencies seem to 
induce abnormalities in cell and nuclear division by producing changes 
in the synchronization of nuclear and cytoplasmic activities. 

The abnormalities reported in this work, viz. lack of orieiitalion, 
non-differentiation, asynapsis (chromatin drops) and supernumerary 
mitosis, seem to be of this kind. They can have their origin in environ- 
mental conditions or in the unbalanced genetic constitution of the 
material. Thus they are most probably connected, though only because 
they are different expressions of the same cause — disturbances in timing. 
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SUMMARY* 

In the pollen grains of Antlioxanthmn aristalum Boiss. with B 
chromosomes, lack of orientation and non-differentiation of the nuclei 
have been found in 7 plants with from 1 to 4 B’s. 

A complete seriation between the division of the generative nucleus 
unaccompanied by that of the vegetative nucleus (the normal case) and a 
division of the vegetative nucleus unaccompanied by that of the gener- 
ative has been observed. Synchronized mitoses of both generative and 
vegetative nuclei, giving rise to common metaphase, are presented. 
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A positive correlation between chromatin drops and delay in 
division is recognized. Their origin is attributed to chromosomes of the 
normal complement. 

A discussion of the relation between these phenomena is developed; 
Ihe conclusion is drawn that, most probably, they are different ex- 
pressions of disturbances in timing relations. 
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THE RESISTANCE OF COLCHIGUM AND 
BULBOCODIUM TO THE C-MITOTIC 
ACTION OF COLCHICINE 

BY ALBERT LEVAN and ERNST STEINEGGER 

CYTO- GENETIC LABDUATOIIY OF THE SWEDISH SEED ASSOCIATION, SVALL)F 


I. INTRODUCTION* 

C R INGE Colchicum autumnale in its tissues contains a considerable 
vj/ amount of colchicine — • up to 1 % — , its own mitoses would be 
expected to be unaffected by this substance. In most higher plants the 
mitotic mechanism is switched over into so-called c-mitosis under in- 
fluence of colchicine concentrations very much lower than those present 
in Colchicum. During c-mitosis any increase in cellular number is 
made impossible. Different authors have shown that pulp from crushed 
tissues of Colchicum may induce full c-initosis in other plants. Blakes- 
LEE (1939) was the first one to point out the resistance of Colchicum to 
colchicine. He found that the c-tmnour reaction could not be obtained 
in Colchicum by colchicine treatment. The behaviour of the root 
mitosis in Colchicum during long treatment with 1 fo colchicine solution 
was studied by Levan (1940), who found no tendencies to c-mitosis. 
In 1943 Mairold repeated the testing of Colchicum with concentrations 
of crystalline colchicine up to 1 % in temperatures reaching + 30 centi- 
grades. (In the present paper we always understand by » crystalline 
colchicine.)) the chloroform-containing crystalline form of the alkaloid.) 
Mairold found an absolute resistance as far as the c-tumour reaction 
was concerned: »So wurde auf diese Weise erneut die wcitgehende 
Immunitat der Colchiciim-W iirzcln gegeniiber Colchicin bewiesen, selbst 
untcr Bedingungen, bei denen das Colcbicin sonst besonders intensiv 
wirkt» (1. c., p. 494). 

An American author, Gornman (1941, 1942), has re-tested the re- 
action of Colchicum to colchicine and arrives at another result than the 
above workers. He employed a very delicate method: the upper ends 
of free Colchicum roots were embedded iia agar with 5 % glucose, while 
the lower ends were dipped into the solutions to be tested. Mitoses 
could still be found in the severed roots after a treatment of 8 V 2 hours. 
According to Gornman, 5 fo colchicine for 4 hours give complete spindle 
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destruction in Colchiciim bijzantinum, the corresponding values for 
Colchiciim autumnale were a 10 % solution for 6 hours. The latter 
species was thus more resistant than the former one, the resistance of 
neither of them being absolute. 

As a continuation of our work on the action of c-mitotic substances 
we decided to re-investigate the resistance of Colchiciim. Among the 
above authors only Mairold gave particulars as to what kind of col- 
chicine she used, viz. Merck’s colchicine cryst. with 12,5 % chloroform. 
It may be communicated here that Levan (1940) in his testing of Col- 
chiciim used Sandoz’ colchicine ainorph. Since it has been shown that 
pure chloroform may induce typical c-mitosis in Allium (Ostergren, 
1944; Steinegger and Levan, 1947 b), it was close at hand to direct 
attention to the chloroform content of the crystalline colchicine. In the 
earlier paper just mentioned we studied the influence of the chloroform 
contained in crystalline colchicine (C22H25NO0 * V2GIiCl3) on a plant 
not resistant to colchicine, viz. Allium Cepa. We arrived at the con- 
clusion that the content of chloroform present in this colchicine is of no 
consequence in the low concentrations at which the threshold value for 
c-mitosis is situated in Allium, i. e. about 0,oo4 colchicine. In the 
present work two plant species resistant to colchicine are studied. At 
such strong concentrations of colchicine as have been tested in Colchi- 
cum, crystalline colchicine would, however, hold a chloroform content 
which might well be expected to give c-mitosis in this plant, provided 
it is not resistant to chloroform. 

Mairold, using 1 % of crystalline colchicine, obtained a negative 
result as regards the c- tumour reaction. This fact, however, cannot be 
considered a conclusive evidence that Colchicum is absolutely resistant, 
since c-tumours are hard to induce by chloroform owing to the toxicity 
of this substance. The mitoses were not studied by Mairold. In the 
case of CoRNMAN it is not recorded what quality of colchicine was used. 
The easy preparation of 10 % solutions would indicate that a chloro- 
form-free substance was used. We have found, however, that the 
chloroform-containing substance may also be rather easily dissolved 
to 10 %, if the fluid is shaken or heated. The chloroform will then 
evaporate in part. Even in the clear solution undoubtedly enough of 
the chloroform may remain to give c-mitosis. 

In order to elucidate this problem a little the present work was 
started. We tested Colchiciim autumnale for its reaction to colchicine 
puriss, amorph. Sandoz (without chloroform), to pure chloroform, to 
colchicine puriss. cryst. DAB 6 Merck (with 12,5 % chloroform) and to 
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acenaphthene. Besides Colchiciim we tested in a similar way tlie related 
species Biilbocodium verniun, belonging to the same section. Both 
experimental plants were bought from Weibullsholm, Landskrona. 

The same simple method was employed in this work as in our 
earlier experiments. Bulbs with fresh root-tips in active growth were 
put into series of concentrations of the various substances. Only in a 
few cases (the testing of Biilbocodium with cliloroform and some of the 
testings of Colchiciim with chloroform) have we used another mode of 
procedure, this being made necessary by lack of plant material. Detached 
root-tips were submersed for 4 hours in solutions of the substances. 
Tests in Allium have shown that free roots thus treated during 6 hours 
give results fairly concordant with those obtained for attached roots. 

The chromosomes of Colchiciim aiihimnale have been studied by 
Levan (1940). The chromosome number is 2n = 38. Great variations 
in chromosome size occur within the idiogram. Fig. 1 a shows a normal 
equatorial plate from an acenaphthene treatment. The chromosomes 
are somewhat contracted, which facilitates the counting, Biilbocodium 
verniim has been earlier studied by Miller (1930), who gives its chro- 
mosome number as 2n == 22. One plate from a 4 hours’ treatment with 
0,4 % colchicine cryst. is pictured in Fig. 1 b. Also here the chromo- 
some contraction is somewhat stronger than normally. The i^late is in 
this respect quite comparable to Fig. 1 a. The chromosomes of Biilbo- 
codhim are somewhat larger than those of Colchiciim. Most of them 
are medially to submedially attached, but at least one of the smallest 
pairs is asymmetric with one arm and one small head. The size differ- 
ences are less extreme than in Colchiciim. The largest chromosomes 
of Biilbocodium are about 5 and of about double the length of the 
smallest ones. Although the idiograms of Colchicuin and Biilbocodium 
are of the same general type, it is quite clear that no simple relation of 
polyploidy can exist between the two types. The largest chromosomes 
of Colchicum and Biilbocodium agree pretty well morphologically, but 
the smallest chromosome types of Colchiciim are not present in Biilbo- 
codium. 

IL EXPERIMENTS. 

a. Amorphous colchicine. — This form is, compared with crystal- 
line colchicine, highly soluble in water. Strong concentrations are, how- 
ever, not stable, since after even a short time they form crystals of water- 
containing colchicine. This latter substance is soluble in water only to 
about 1,4 The strongest concentration of amorphous colchicine 
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tested by us is 20 % (0,5 mol; %=g substance in 100 cc solution). 
This solution kept clear for about 30 min., when it started crystallizing. 
On the first fixing (after 4 hours) the amount of crystals was estimated 
to be certainly below one-fourth of the dissolved quantity; so at that 
time the solution was still at least 15 %. Solutions down to 5 % were 
tested in Colchicum and down to 0,4 fo in Biilbocodhim. The toxic 
effect of pure colchicine is very insignificant in the two plants. A 
treatment of Colchicum for 11 days with an originally 20% solution 
impeded, it is true, the further growth of the roots. Mitoses occurred, 
however, in the meristem, and they were quite normal. A fixation of 
Bulbocodium grown 4 days in the same concentration showed no per- 
ceptible toxic action. Although the root-tips were quite covered with 
colchicine crystals, they kept turgescent. In all lower concentrations 
mitoses were going on normally during the whole period of the experi- 
ment. No c- turn ours were found. 

We looked carefully for c-mitoses and signs of spindle destruction 
without any positive result. The mitoses and spindles were perfectly 
normal in all fixations. In the highest concentration a pronounced 
stickiness was met with, especially at the fust fixing (after 4 hours); 
at the second fixing (after 24 hours) the stickiness was decidedly less 
marked. Fig. 1 c — / shows instances of mitoses from this treatment. 
As seen, the stickiness could be so severe as to cause lumping of the 
chromosomes, sometimes simulating certain c-mitotic features. The 
spindles were always pi^esent, however. In rare cases tendencies to 
small spindle disturbances were seen, as very wide poles with traces of 
multipolarity (Fig. 1 c — d). All anaphases studied were bipolar, how- 
ever. Fig. 1 / shows all chromosomes gathered in the middle of a cell. 
It is strongly reminiscent of ball-metaphase hut may possibly ])e an 
early metaphase stage, where the spindle has not yet acted on the 
chromosomes. This picture, which is very common in Colchicum roots 
showing c-mitosis, was very rare here. It must be concluded that no 
typical c-mitotic disturbances are induced by pure colchicine. The ab- 
normalities seen in the highest concentrations may be ascribed to ag- 
glutination phenomena. 

b. Iso-colchicine. — In Colchicum one experiment was made with 
iso-colchicine (concerning the effect on Allium of this substance, cf. 
Steinegger and Levan, 1947 a). Only one concentration was tested, 
viz. 1 % (0,025 mol). This rather strong solution (it is about half- 
saturated) gave no c-mitosis. It brought about a somewhat more 
pronounced stickiness than ordinary colchicine. The metaphases often 
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turned pycnotic and the anaphase chromosomes formed bridges (Fig. 
1 g). The spindles were always normal. The substance had no great 
toxic effect, after 6 days the roots were still turgesceut. They showed 
little further growth. No c-tumoiirs were observed. 

c. Chloroform. — Chloroform which accompanies colchicine in its 
crystalline form was tested in both plants in a series of the following 
concentrations: 0,5, 0,25, 0,10, 0,05, 0,025 % by weight. The activity thresh- 
old of A/h'am was known to lie at about 0,i>25 fo (Steineoger and Levan, 
1947 b). In Alliiim we found the strongest concentration to have a 
peculiar effect, it acted dissolving on the chromosomes, in extreme cases 
resulting in the complete disappearance of the chromosome arms, 
leaving the centromeres quite free. In Colcliicum it turned out that one 
hour’s treatment with 0,5 % chloroform gave the same effect. In Bidbo- 
codium we fixed tlie material only once, viz. after 4 hours. Then the 
dissolution of the chromosomes had gone too far. The chromosomes 
at contraction stages had completely disappeared, the cells being quite 
empty. In the nuclei only the largest heterochromatic bodies were still 
to be seeuL. They formed 1 to 5 strongly stained bodies. 

In Colcliicum the, various stages of the chromosome cycle were 
clearly seen. No c-mitotic changes occurred, this concentration of 
chloroform probably killing the cells before they were able to give any 
vital chromosome reactions. The chromosomes were at various stages 
of dissolution. Fig. 1 ii— / shows one metaphase and two beginning 
anaphases. In b much of the chromatic substance is still gathered 
around the stained centromeres. In r the half '•centromeres probably 
have not yet separated, in each chromosome they form two distinctly 
stained grains. They are smaller than the corresponding formations 
in Allium and they seem to be less compound morphologically, but, of 
course, with these small dimensions nothing can he said as to their 
detailed organization. In Fig. 1 j the centromeric points of each pair 
are sometimes rather far away from each other; they are evidently on 
their way .to the poles. In this picture every trace of the chromosome 
arms had vanished and the centromeres themselves were faintly stained. 
It will seem that the dissolution proceeds in the same way as in Aifh’nm, 
taking away first the matrix substance, later the chromonema, and last 
the centromeres. 

The next concentration, 0,25 % , is also lethal. The Colcliicum roots 
were turgescent for a couple of hours in this concentration but after 
4 hours they were already somewhat softened. This concentration also 
has a fixing action, but in Colchicum tendencies to c-mitoses were dis- 
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Fig. 1. a, c — /■: Colchicum aulamnale, b, s~x: Biilbocodium verniim; a—b: normal 
o((uatorial plates with chromosomes somewhat contracted from a slight c-mitotic 
treatment; c — /: treatment with amorphous colchicine; g: iso-colchicine; h — j: chloro- 
form; /: crystalline colchicine; k, m—x: acenaphthene. — X 2200, 
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cernible, since the chromosomes have had time to respond to the spindle 
destruction. Toxicity was very strong, all division stages being pycnotic. 

In 0,1 % both Colchicmn and Biilhocodiiim exhibited lOO % c- 
mitosis. Chromosome contraction was strong. Stickiness occurred 
but not to any high extent. The chromosomes were mostly lying free 
from each other, forming typical c-pairs. The concentration 0,or) % 
also gave full c-mitosis in Colchicmn on testing detached roots. On 
testing roots still on the bulbs this concentration gave preponderantly 
normal mitoses. In Biilbocodiiim, where this series was made ex- 
clusively with detached roots, only few mitoses were present in this 
concentration, among them being both normal and c-mitoses. It is 
clear that both in Colcliicum and Biilbocodiiim the activity threshold is 
approached: (),025 Jo gives in Colchicmn (detached roots) mixed c- and 
normal mitoses. Biilbocodiiim had no mitoses in this concentration. 
Thus, even if the lower limit of c-mitosis could not be exactly determined 
by these experiments, it is evident that it must be situated in the vicinity 
of 0,025 Jo, i. e. it is of the same size-order as in Allium. 

Chloroform had a very pronounced toxic effect Ihronghout all con- 
centrations. In the lower concentrations it was especially clear after 
24 hours, when no mitoses at all occurred. The highest concentration, 
0,5 % , gave slack roots in less than 45 min. As mentioned already, the 
roots in 0,25 Jo began softening after 4 hours. After 16 hours they were 
quite soft. The 0,i % solution also gave some defective turgcscence 
after 5 days. None of the concentrations induced c-tumours, not even 
0,05 Jo, which in Allium gave clear tumours. 

d. Crystalline colchicine. — Solutions between 4 Jo and 0,5 % of 
chloroform-containing colchicine were tested in Colchiciini, and between 
4 and 0,oi % in Bulbocodium. These solutions are calculated to contain 
12,5 % chloroform, wbicli corresponds to chloroform concentrations of 
0,5 — 0,06 Jo in Colchicmn and 0,5 — 0 , 0 fn % in Bulbocodium, The toxicity 
of colchicine cryst. is much greater thai:i of the same concentrations of 
colchicine amorph. It is somewhat less than that of corresponding con- 
centrations of pure chloroform. The latter condition may be due to the 
calculated concentrations of chloroform actually being lower. Some 
chloroform may have evaporated at the preparation of the colchicine 
solutions. Moreover, the tests with colchicine were made with less fluid 
in lower vessels of larger surface in relation to the volume of fluid than 
when pure chloroform was tested, which may have brought about a 
relatively greater evaporation in the colchicine series. Thus, the smell 
of chloroform, which was very evident at first, had usually disappeared 



COLGHICUM AND BULBGCODIUM 


559 


totally after one day. The corresponding solutions of pure chloroform 
still smelt of chloroform after this time. The possibility that in some 
way or other the colchicine may abate the toxic action of chloroform 
cannot yet be rejected, however. 

In the strongest concentration, 4 %, there should be present 0,5 % 
chloroform. This solution, however, has quite other effects than a 
pure chloroform solution of 0,5 %. It has not a fixing action. The roots 
of Colchiciim were still turgescent on the third day, in Biilhocodiiim 
they softened on the second day. Chromosomal stickiness occurred, it 
is true, but not by far such an extreme dissolution of the chromosomes 
as in 0,5 % chloroform. In both species 100 % c-mitosis was found 
after 4 hours and the chromosome contraction was strong. Fig. 1 / 
shows a c-metaphase from this treatment. As early as after 24 hours, 
however, most mitoses had become normal, c-mitosis occurring only 
exceptionally. In Bulbocodiiim no divisions were found after 24 hours, 
the toxic action was such that divisions were very seldom found on the 
second occasion of fixation. 

Solutions of 2 % and 1 % crystalline colchicine also gave 100 % 
c-mitosis in both species. In the latter concentration, though, other 
types of c-initoses began to appear, viz. »star» and » distributive » meta- 
phases, which indicates that the limit value is not far away. After 24 
hours Colchiciim showed preponderantly normal mitoses in 2 % and 
almost exclusively normal mitoses in 1 As mentioned above, Bulbo- 
codiiim had no mitoses on the second day. The 0,5 concentration 
had exclusively noinnal mitoses in Colchiciim, as had 0,i % and all lower 
ones in Biilbocodium. 

C-tumours were demonstrated in Colchiciim only in one concen- 
tration, viz. 0,5 % after four days. This agrees with the threshold of 
chloroform in Allium, where 0,o5 % and 0 ,q 25 %, but not 0,i %, induced 
c-tumours. A 0,5 % crystalline colchicine concentration contains 0,o<j % 
chloroform, or probably somewhat less. 

e. Acenaphthene, — This substance has earlier been tried on Coh 
chiciim only in qualitative tests. Levan (1940) dusted the roots with 
acenaphthene and let them thereafter grow in moist air. Under these 
conditions Colchiciim was very prone to acquire typical c-tumours and 
c-mitoses. Gornman (1942) reports complete resistance to acenaph- 
thene: »Mitosis continued normal in C. aiitiimnale during 7 hours ex- 
posure to saturated aqueous acenaphthene» (1. c., p. 55). 

The solubility of acenaphthene in water is about 20 X lO” mol/l 
(Levan and Ostergren, 1943). In a similar way as described in that 
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paper, solutions of acenaplithene were prepared, containing a varying 
excess of undissolved substance. The strongest concentration corres- 
ponded to a molarity of 100 X 10“‘\ In Colchiciim concentrations down 
to 25 X 10' mol/1 were tested, in BulbococUnm we went down to 
1 X 10"^* mol/1. In no concentration did 100 % c-mitoses occur. In 
Colchiciim an exposure to 100 X 10 mol/1 gave in 4 hours numerous 
complete c-mitoses with strong chromosome contraction, Various in- 
stances of c-mitoses from this treatment are pictured in Fig. 1 n — r. An 
often occurring stickiness is apparent both in the contraction stages of 
the chromosomes and, above all, in the bridge formation at anaphase — 
telophase (Fig. X q — r). There was a similar response in Biilbocodiiim 
to the same treatment. C-mitoses which end with multipolar anaphases 
and lobated telophase nuclei are common (Fig. 1 s — u). 

Colchiciim has a great frecjiiency of c-mitoses in 50 X 10 mol/1 
as well. Stickiness is still evident, for instance, at the separation of the 
c-pairs at anaphase (Fig. 1 m). The centromeric region separates readily 
blit the chromosome arms are glued together, strings of sticky chromatin 
are often formed between the chromosome arms on their falling apart. 
In Biilbocodiiim this concentration has a low frequency of c-mitoses, 
only single tendencies being seen. The 25 X 10'^’ mol/1 concentration in 
four hours shows in Colchicum still a few certain c-mitoses, in Biilbo- 
codiiim, on the other hand, exclusively normal mitoses are found. The 
latter seems to be somewhat less sensitive to the c-mitosis reaction of 
acenaplithene than the former. Unfortunately no lower concentrations 
of Colchicum were studied, but it may he stated with great probability 
that the threshold of Colchicum is situated immediately below saturated 
solution of acenaplithene, while in Biilbocodiiim a certain excess of lui- 
dissolved substance is necessary to attain the reaction. 

One very interesting condition is characteristic of both Colchicum 
and Biilbocodiiim: the toxicity of acenaplithene, which after 4 hours is 
very small, is already quite pronounced after 24 hours. This is the case 
not only with the higher concentrations but goes down to the lowest 
ones tested (in Bulbocodium to 1 X 10'^^ mol/1). In the entire Biilbo- 
codiiim series hardly any normal division stages could be found on the 
second occasion of fixing. This was already seen macroscopically in 
that after a few days the roots grew brownish and ceased elongating 
even in the weakest solutions. As mentioned already, conditions were 
similar in the chloroform concentrations and to a certain degree in the 
colchicine cryst. series. In acenaplithene the roots kept turgescent and 
it happened that later on, after 4 days, new divisions began to appear, 
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although never in any great frequency. After 3 days clear c-tumours 
were started in Colchiciim in 100 and 50 X 10' *' mol/1 and tendencies to 
e-tumoiirs in 25 X 10^*’ mol/l. In Biilbocbdium only very weak c- 
Imnours were induced in 100 and 50 X 10”*^ mol/l. It is evident, how- 
ever, that cellular growth is not inhibited by the type of toxicity 
acting here. 

Even in very low concentrations acenaphthene exerts a specific 
kind of toxicity on the nieristems, a toxicity which is not known from 
the acenaphthene treatments of Allium. It takes an interesting expres- 



a b 

Fig. 2. Microphotographs of root meristems of a: Colchiciim, b: Bulbocodium after 
Ircatmciit for 24 hours with acenaphthene. Single cells or pairs of cells are dead. — 

X 250. 

sion in the histology of the meristems. Certain cells die in the tissue. 
These cells are always rather isolated and, at least to begin with, the 
neighbouring cells are not affected. The meristem becomes scattered 
with solitary or paired dead cells. On a closer study of these cells it is 
found that they all have, the common trait that they were in division 
stages of mitosis when dying, in metaphase or anaphase. Here evidently 
a selective cell lethality is in action, choosing cells in division. The 
threshold of this lethality lies far below the c-mitosis threshold. This 
toxicity is strongly specialized, distinguished from the general toxicity 
which impedes cellular growth. One instance of a couple of anaphase 
or telophase cells killed by this toxicity is pictured in Fig. 1 w. A tissue 
section of Bulbocodium and Colchiciim affected by this type of toxicity 
is photographed in Fig. 2. 
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In the strongest concentration, 100 X 10'^’ inol/1, there occurred in 
Colchiciim after 4 days a very distinct centromeric staining during pro- 
phase. Fig. Ik shows the lower half of one such nucleus with the 
chroinosoines scattered on the nuclear membrane. All had their centro- 
nieres showing a distinct colour, while the rest of the chromosomes was 
faintly stained. As seen, the centromeres were double in transversal 
direction. They had about the same size and appearance as the »free>> 
centromeres occurring after 0,5 % chloroform treatment. 

III. DISCUSSION* 

The present experiments have given conclusive evidence that both 
Colchiciim and Bulbocodiiim are resistant to colchicine. Their resistance 
keeps in concentrations as high as 20 % . The mitotic disturbances 
occurring in the highest concentrations of amorphous colchicine are not 
c-mitotic, but they are caused by the agglutination phenomena, which 
are often called stickiness. These may be induced by a great many 
chemical substances, among them many c-mitotic substances. Colchi- 
cum is also found to be resistant to zso-colchicine, even in concentrations 
Avhich in Jilliiun give c-mitosis. Bulbocodiiim was not tested with this 
substance. 

The two plant species are also resistant to chloroform-containing 
colchicine up to concentrations in which the chloroform content reaches 
above the threshold value of c-niitosis. Then complete c-mitosis is ob- 
tained with crystalline colchicine. The results of Cornman (L c.) may 
be interpreted as depending on his using a chloroform-containing 
substance. With the guidance of oiir experiments it is even possible 
to calculate approximately the content of chloroform which the sub- 
stance used by CoRNMAN must have held; 5 and 10 % in some cases 
gave complete c-mitosis, 2 , 5 % only gave partial. Conseciuently, at Ihe 
treatments the colchicine substance should have contained 1 to 2 % 
chloroform. 

Even the strongest solutions tested of pure colchicine hardly act 
poisonously, while chloroform far down in the dilutions brings about 
considerable poison effects. Crystalline colchicine also acts toxically, 
although to a less degree than corresponding concentrations of pure 
chloroform. In Bulbocodiiim 4 and 2 % crystalline colchicine acted 
very poisonously, and a toxicity consisting in the inhibiting of all mitoses 
acted in colchicine concentrations of 0,oi %, i. e. a chloroform concen- 
tration of 0,0(31 %. What was especially surprising was the pronounced 
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toxicity of acenaphthene, which when used on other materials has 
shown very little toxicity. 

The entire problem of resistance gains considerably in clearness if 
the c-mitotically active substances are classified into two groups, such 
with mainly unspecific, physical activity and such which in addition 
have a chemical activity, varying from substance to substance. While 
the substances of the former group probably induce the c-mitosis by 
some similar quality common to them all, the specifically acting sub- 
stances of the latter group may attain their effect by attacks on any one 
of a number of different life processes of the cell; it may be a question 
of either a direct chemical influence on the components of the spindle 
or such an influence on ferment systems directly or indirectly involved 
in their synthesis. Only in their visible final effect do they agree in all 
cases: the morphological deviation of mitosis, called c-mitosis. 

In a similar way it will be appropriate to divide the phenomena of 
resistance into two groups, unspecific, physical on one hand and specific, 
chemical on the other. A physical resistance (=decreased susceptibility), 
which, of course, can only be relative, may be due, e. g., to some 
deviating physical properties of the spindle constituents. The physical 
resistance may be extended to the whole group of unspecific (»narcotic» ) 
poisons. This situation may be illustrated by the simple Scheme 1, con- 
structed in accordance with Ostergren’s schemes (1944, Fig. 11, 
p. 458). According to the hypothesis of Gstergren, the c-mitotic action 
is caused by an influence on the lipophilic side-chains of the polypeptid 
molecules. At a certain degree of »saturation» the chains are folded and 
the spindle formation is made impossible. Ostergren compares this 
process with the precipitation of a dissolved substance by adding an- 
other substance to the system, a and b of Scheme 1 represent molar 
concentrations of a saturated solution of the substances a and b. If the 
concentration of a sinks along the line A, it will be necessary, in order 
to obtiiin saturation of the solution, to add such a molar concentration 
of substance b as is expressed by the line B. 

If tliis is adapted to tlie conditions of the c-mitosis, a will mean the 
» concentration » of lipophilic side-chains and b the concentration of a 
c-mitotic substance. Now, if c means the degree of » saturation » of the 
protein chains as regards lipophilic side-chains, the quantity x of the 
substance b necessary for inducing c-mitosis may be obtained by follow- 
ing the dotted line. From this it appears that the values of x increase 
simultaneously as c decreases. In other words: the larther the concen- 
tration of lipophilic side-chains is from its »saturation» (expressed by 
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the distance r), the more substance b must be added in order to obtain 
c-mitosis, the greater is consequently the resistance ot* the cell. This 
suggestion, naturally, is not necessarily linked to the hypothesis ol 
»protein chain folding», but it will work equally well on any hypoth(3sis 
assuming such a precipitation of lipophilic groups or molecules. 

This situation is, of course, valid only with physically acting sub- 
stances. The chemical resistance, on the other hand, must vary accord- 
ing to the point of attack of each particular substance. In each single 
case a certain resistance must be mobilized, directed to the specific attack 
in question. Thus, immunity to one chemically acting substance does 
not mean immunity to all substances of this group. 

The following table may serve as an illustration of these con- 
ditions. As regards the chemical activity of CHChj, see our earlier paper 
(1947 b). 


Group 

Substance 

'rhreshold concentration in 

Allium 

Colchiciim 

Unlbocodium 

more or less 

colchicine ... 

0,0(1 1 

>20 

>20 

chemically acting 

chloroform... 

0,0 2r) 

0,025 

0,025 

preponderantly 

z,9o-colchicine 

0,6 

>1 

? 

physically acting 

acenaphthene 

0, 000.08 

0,000.4 

0,000.8 


As representatives of specifically acting substances colchicine and 
chloroform are given. The difference in behaviour between Allium, on 
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one hand, and Colchicum and Bulbocodium, on the other, is striking. 
White the latter species are completely resistant to the chemical in- 
iliience of colchicine, they are as sensitive as Allium to the influence of 
chloroform. Their chemical resistance is accordingly specific. Further, 
two instances of preponderantly physically acting substances are given: 
/sO“Colchicinc and acenaphthene. Colchicum is somewhat more resistant 
tlian Alliam to acenaphthene, and the same is the case with iso-col- 
chicine, which substance has, it is true, quite another chemical nature 
than acenaphthene but nevertheless acts preponderantly unspecifically. 
Although the values so far at hand are insufficient to permit any proof 
of the present view of the resistance problem, they must be considered 
as rather suggestive. Levan and Ostergren’s results in Allium and 
Pisiim (1943) may also be mentioned: 


Threshold value in 1 m o 1/1 
Colchicine Naphthalene Acenaphthene 


Allium 150 78 5 

PisLim 75 156 32 


These values also are not inconsistent with our view that chemical 
and physical resistance are independent of each other. While Pisiim 
is more sensitive to chemical influence than Allium, its resistance to 
naphthalene and acenaphthene is greater. It seems as if an increased 
resistance to acenaphthene may also involve a similar increase in 
resistance to naphthalene. The unspecificity of the resistance to 
physical action is also present in the »camphor reaction » of yeast 
(Levan, 1947). An induced resistance to certain substances also brings 
about an increased resistance to other chemically quite unrelated sub- 
stances. 

SUMMARY. 

The reaction of Colchicum autiunnale and Biilbocodiiim verniim to 
amorphous (pure) and crystalline (chloroform-conlainmg) colchicine, 
/.so-colchicine, chloroform and acenaphthene is studied. Both species 
show an absolute resistance to the c-mitotic action of colchicine and 
z.vo-colchicine in high concentrations (20 and 1 % respectively). To 
chloroform their response is similar to other colchicine sensitive plants 
as, for instance. Allium Cepa. They both give typical c-mitoses if treated 
with such concentrations of crystalline colchicine as have a chloroform 
conLent above the threshold concentrations of this substance alone. Both 
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are susceptible to the c-mitotic action of acenaphtheiie. As explanation 
of the data on the susceptibility of Colchiciim to colchicine encountered 
in the literature it is suggested that a substance containing chloroform 
may have been used. In agreement with the two types of action on the 
living cell of c-mitotic substances, viz. physical and chemical action, it 
is suggested that two types of resistance may occur: a physical, less 
selective resistance and a chemical specific resistance, which in each 
case is directed against a certain kind of attack. While in Colchiciim 
and Bulbocodiiim the resistance to the chemical activity of colchicine 
is absolute, they are both as susceptible as Allium to another very prob- 
ably chemically acting substance, chloroform. Both species are more 
resistant than Allium to acenaphtheiie and z>o-colchicine (only Colchh 
cum studied), which are mainly physically acting substances. 

Svalof, March, 1947. 
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Gosta von Rosen : T he rapid n i g r o s i n e-m e t h o d for c h r o m o- 
s 0 m e counts, applicable to all the growing tissues o f 
the p 1 a 11 1 . 

A plant-breeder who works with cross-fertilizing kinds of plants and who 
desires to work up polyploid material on a large scale will soon discover that 
an annual control of the purity of the polyploid stocks as regards chromosome 
number is necessary. For even if he isolates the polyploid materials well by 
distance from other propagations, there will be so much pollen flying about in 
the air (e. g., in Beta) that some risk of incrossing with undesired chromosome 
numbers will constantly be present. A breeder of fruit and forest trees should 
also have at his command methods by which the chromosome numbers in 
new artificial or spontaneous crosses can be simply separated. 

A grading of the polyploid chromosome-number groups only demands an 
estimation of the number of chromosomes in the genome (e. g., in Beta 
36 ± 2 — 4) . If, in addition, the method can often give metaphase plates so 
well pressed out that an exact count is possible, this is obviously an advantage. 
First and foremost, however, it must iDrovide a rapid means of getting the 
preparations ready and of reading them (~ well contracted chromosome 
bodies). The usual paraffin-gentian method as well as the Feulgeii-smear 
method (e. g., Johnson, 1945; Meyer, 1943; Whitaker, 1939) are too time- 
absorbing to be suitable for serial work. There are numerous variations of 
smear preparation with cax*miine or orcein as stain (e. g., Brown, 1937; Burrel, 
1939; VON Rosen, 1946a, b; Sax, 1931; Smith, 1947; Steere, 1931; Thomas 
1940; Warmke, 1935; Whitaker, 1934). All suffer, however, from the weak- 
ness that they only stain the chromatin red and in addition give a poor differ- 
entiation between chromatin and plasm. Heating is also included in the process 
of preparation, which makes the work delicate. Further, chromosome counting 
ought to admit of being done during the whole vital cycle of the plants, this 
enabling a failure at the beginning to be remedied later on. In Beta, for in- 
stance, now at Hilleshog the rootlets are forced artificially during the winter, 
and an after-control can be carried out later on leaves from the stem-tips 
from the commencement of growth up to the flowering. The pollen mother- 
cells can also foe rapidly judged. All this ought to admit of being done bij the 
same simple method. It would mean that dear, specially trained staff would 
not be required for the purpose, as a small number of persons engaged in 
other work during the rest of the year have good time at their disposal to 
carry out the program. 

A rapid method for the plant-breeder for the grading of polyploid 
material should be of the following nature: (1) simple, (2) distinctly contrast- 
staining, (3) rapid, (4) adapted to serial work, (5) applicable to all tlie growing 
tissues of the plant, (6) cheap. 

The method described below seems to meet these requirements. The 
treatment is essentially the same for roots as for leaves and flower- buds. Any 
deviations between them are noted in their proper connexion. 

(1) Fixing. — Fix the material in 1 part of concentrated (98 %) acetic 
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acid 4- 2 parts of 95 % alcohol for about 24 hours. The preparation should 
be preserved in a cool state (not above 15° C., preferably 8 — 12'^ C.). The 
fixing solution must be mixed within 24 hours of being used. 

(2) Loosening of the tissues. — Replace the fixing fluid with a mixture of 
1 part of concentrated HCl (sp. gr. 1,2?) H- 2 parts of 95 % alcohol. Roots 
are treated for 8 — 10 minutes at a temperature of 10 — 15° G. (an important 
condition is that the fluid is cooled). For leaves the character of the tissues 
will decide the concentration and time: Beta 1 : 2 for 7 — 8 minutes, Pisiun 
1 : 4 for 5 minutes, Pyriis and Bctiila 1 : 1 for 10 minutes, and so on. Flower- 
buds are treated with 1 part of HGl +10 parts of alcohol for 5 — 8 minutes 
(for Beta and some other plants). The HGl-alcohoI mixture can only be used 
one day. 

(3) Washing. — Replace the loosening fluid with distilled water (cooled) 
and preserve the preparation in a cool state (8—12° G.; not above 15° C.). 
Washing is completed within 15 — 30 minutes. For the preparation of thick 
leaf-tissues and body complexes 60 minutes sKoiild give a more reliable result. 

(4) Staining. — Place 4 — 5 roots on an object-glass. In daylight or light 
from a daylight lamp against a black background the zones undergoing brisk 
division in the root-tip can be distinctly seen. Cut away portions not showing 
divisions. Suck off the water with filter-paper. Dry leaves and bodies by 
laying them out on a filtei^-paper, then place them on the object-glass. As a 
leaf-specimen lake a small piece from the base of a leaf on a briskly growing 
part of the stem. Squeeze flower-buds into pieces, whereupon rather large 
portions of the bracts are picked off with a pincette. One drop of staining 
solution (for preparation, see below) is added. Put the tissues into the fluid 
and place a cover-glass loosely over. Lay the object-glass on a thick, smooth 
plate of glass. The subsequent procedure is as follows: with an ordinary piece 
of stiff eraser rubber (a) tap gently on the cover-glass to ensure the fluid 
making contact with the tissue, then (b) press fairly gently over the whole 
cover-glass for short periods so that the fluid is pressed outwards to the edges. 
When the white tissues that have now been squeezed a little out are clearly 
visible, press (c) hard with short vibratory movements directly above the root- 
tips, though not so that the cover-glass slides. Now (d) lift the cover-glass 
cautiously by one edge, though only so much that the staining solution flows 
in over the tissues. Considerably less pressure is used for leaves; the divisions 
in the parenchyma are to be disclosed. Pollen mother-cells are pressed still 
more mildly. For roots the staining time is 1— -2 minutes. The staining fluid 
should he cool, about 15° G. During the period of staining the preparation 
tolerates normal room temperature (16 — 18° G.), but must not be heated with 
a strong lamp or similar source of heat. Leaves of Pi.mm ai^e stained for 
30 seconds, those of Pgriis and Betula for 45 — 60 seconds. For these types of 
tissue 4 % staining fluid is used. Buds, on the other hand, require staining for 
4 — 5 minutes in a 3 % solution. When staining pollen mother-cells care 
should be taken not to lift the cover-glass as the large pollen mother-cells may 
thereby be damaged. The pigment colours the chromosomes quite black and 
the plasm a faint grey. 

When the preparation has been stained, lay a filter^paper over the 
preparation glass and pass a rubber-roller to and from some ten times over 
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the cover-glass, preferably also crosswise. Over the root-tips roll at first 
gently, then rather hard; on leaves rather gently the whole time and on the 
pollen mother-cells very gently. A good preparation should not be vesicular 
and the tissue ought to be squeezed out to at least fivefold its size. 

The preparation is then ready for immediate microscopical determination, 
fn cool temperature it will keep for 24 — 36 hours, leaf preparations for 2 — 3 
days. For work in green light it is .suggested that a white dull-glass filter is. to 
be placed before the lamp and a thin green glass in the iris diaphragm of the 
microscope. The chromosomes now will show up quite black and the plasm 
colourless, but some of the luminous brightness is thereby lost. 

(5) Staining fliiicL — Prepare a 4 % solution as follows: dilute 50 c. cm. 
of concentrated (98 %) acetic acid with distilled water to 100 c. cm., so that 
the fluid contains about 50 % of acetic acid. Heat this solution to boiling- 
point. Add, continuously stirring the while, 4 gms. of spirit-soluble nigrosine 
(see Stain-Technology, vol. 10, p. '73, 1935). The black staining fluid is to boil 
for 3—5 minutes, i. e. so long that it acquires a weak tarry consistence. When 
large batches are prepared, careful allowance should be made for the evapor- 
ative affect of the larger boiling volume, the boiling intensity, and so oh. On 
removing the solution from the source of beat allow it to cool a few minutes at 
room temperature. Then cool it rapidly to room temperature and filter it im- 
mediately, taking care to avoid unnecessary evaporation. Keep the solution 
in a closed glass vessel in the dark under room temperature for about 10 — 14 
days before use. 

The above-described method is now being used at Hilieshog in actual 
practice. A girl gets the preparation ready, another one carries out tire micro- 
scopical work; both were previously quite rmacquainted with cytological and 
similar technique. After two or three days training their capacity was 60 plant- 
counts on root-tips per working day of seven hours. To-day this number is 
increased to 100 — 120. Leaf-counts are performed quicker than root-counts 
(150 — 200 slides per day). 

Finally, it may be mentioned that the writer has conducted tests in Abies 
and Pimis, Counts were made without difficulty even in these genera, which 
are considered to offer difficulties for cytological work. 

Beet Breeding Institute of the Swedish Sugar Company at Hilieshog, 
Landskrona. March, 1947. 
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Akne Litndqvist: Oh self-sterility a n d inbreeding e f f e c t i n 
t e t r a p 1 o i d r y e. 

The present investigation was started in the spring of 1945. Isolations 
(parchment baggings) were made both on diploid and tetraploid »Stalrag», a 
Avell-known commercial variety, from which a tetraploid strain was raised by 
Professor A. MDntzing more than five yeai's ago. 

As regards the self -sterility, this has turned out to be iiiief faced in this 
material of tetraploid rye, but a weakening of the incompatibility is noticed, 
especially if the category with the lowest self-fertility (0 — 25 %) is taken 
into account. 


TABLE 1. Percentage of seed setting after selfing. 

(Fi r— isolations giving rise to a Ji generation.) 

0 5 10 15 20 25 30 35 40 45 50 55 (U) 05 70 75 80 100 n X 



a Fi 1945 

... 47 





47 

2,50 

2ii 

b F± 194(5 

... 140 

5 

1 

1 1 1 a 

5 0 4 5 7 3 

182 

13,08 


c Fi 1942 

... 160 

8 

1 

1 1 1 

1 

173 

3,48 

4ii 

d Fi 1945 

. . . 05 

11 

3 

2 


81 

3,92 

Ic Fi 194(5 

, ... 158 

12 

8 

4 3 11 


187 

4,18 

2u f Ii 194(5 

. ... 52 

1 

2 


113 1 

01 

8,1(* 

4nr; h 1946 . 

. . . . 94 

14 

3 



111 

3,40 


The high average degree of self-fertility in the b series is caused by the 
great number of individuals with percentages ranging from 50 to 80. Their 
occurrence is probably due to the fact that the material of kernels from which 
the b series was raised was obtained from plants in standard plots in a large 
material of »StMrag» that had inbred for about 20 generations and had reached 
a high degree of self-fertility. Thus, the progeny of this standard material 
must have been infested with factors promoting self -fertility. For the sake 
of comparison data reported by MDntzing (1943) are included in the c series. 

There is a close agreement in the lower classes of fertility between the 
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a, b and c series. The a and d series were compared; a test applied to 
the classes 0—5 — 100' gave a of 10,624 and a P slightly larger than 0,()Oi. 
The same comparison between the c and e series applied to the classes 
0 — 5 — lO—lOO gave a a P intermediate between 0,o5 and 0 ,o 2 . 

Tills difference in self-fertility is the more significant as the fertilitj^ after 
open pollination is lower in the tetraploids (about 80 % in the diploids, 60 % 
in the tetraploids). 

The data of the series / and g also indicate a weakening of the incom- 
patibility in the tetraploids. The occurrence of individuals in classes of high 
fertility in the diploid series, however, results in an average more than twice 
the value of that of the tetraploids. 

Regarding the influence of inbreeding, both the diploids and tetraploids 
show inbreeding degeneration, but the effect, though quite considerable, is 
almost ill each case less marked in the tetraploids. Regarded separatel}^ the 
differences are frequently not highly significant, hut the significance is to be 
found in the agreement of the results. Lack of space does not permit a report 
of all results from comparisons in various characters, but in order to de- 
monstrate the general tendency the data from the two characters showing the 
greatest difference between diploids and tetraploids in inbreeding effect after 
one generation of selfing are given below. 

TABLE 2. Plant height in cm. Diploids and tetraploids. 


40 50 60 70 80 90 100 110 120 130 140 150 160 n X m 

2u Pop. 1946 1 12 21 37 52 27 4 154 129,42 1,05 

2ii Ii 1946 3 3 7 12 15 13 8 4 2 67 105,30 2,27 

4n Pop. 1946 1 1 5 13 17 56 47 13 2 155 125,71 1,00 

4u Ii 1946 1 1 1 1 6 3 16 22 30 11 1 93 114,25 1,84 

TABLE 3. Average number of spilcelets per ear. Diploids and tetraploids. 

0 5 10 15 20 25 30 35 40 45 n X m 

2n Pop. 1946 1 8 20 71 49 5 154 33,15 0,37 

2n Ii 1946 2 .1 3 8 16 31 5 1 67 28,92 0,81 

4n Pop, 1946 2 4 8 31 77 31 2 155 31,47 0,41 

4n Ii 1946 2 3 2 8 21 47 10 93 29,54 0,05 


I hope soon to be able to treat these questions more in detail and to 
present all the results. As a rather limited fii*st generation has been the base 
of this investigation of the effect of inbreeding (25 lines in the diploids, 32 in 
the tetraploids), the experiments will he repeated on a larger scale and ex- 
tended in various ways. 

Institute of Genetics, Lund, Sweden, February 22iid, 1947. 
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Nils Nybom: Accessory chromosomes in Allium. 

In a small sample of Allium Porrum plants the present writer found an 
inflorescence the pollen grains of which contained a varying number of ac- 
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cessory chromosome elements, at least of two different sizes. Fig. 1 shows a 
pollen grain with one long (not yet identified) and five short accessory chro- 
mosomes in addition to the 16 normal ones. 

Preliminary studies show that these accessory chromosomes undergo a 
noniuil disjunctional division at the pollen mitosis. Thus, they have not the 
ability of the B-chromosomes of Secale and Aniho^'anthum to increase I heir 
number by preferential nou-disjiinction at the pollen mitosis. 

Accessory chromosomes are known from a great mmiber of plants and 
animals. However, the question of their properties and function has acquired 
a new significance through the contributions of MliNTziNG (e. g. 1946) and 



Fig. 1. A pollen grain with accessory chromosomes. 


OsTERGBEN (1945, 1947), As a part of the rather extensive works on B-chro- 
mosomes that are carried out and designed at the Institute of Genetics, Lund, 
the present writer intends to perform a cytological investigation of the seed 
material originating from the Allium plants mentioned. 

Lund, Institute of Genetics, February, 1947, 
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Tvge W . BOghrr: Cj y t o 1 o g i c a 1 studies o i A r ab is H o I h o ell ii 
Hgunkm. 

lu a list ol’ chromosome numbers of arctic and boreal plants (Bo CHER, 
1938) the haploid number n ™ 22 for Arabis Holboellii was mentioned. This 
ooimt was based upon investigations of a. large number of inetaphase plates 
of the first polleii^mitosis. Later, a number of counts 'were made b}^ Rollins 
(1941) in pollen mother-cells of Arabis Holboellii var. retrofracta and var. 
pinetorum, x^ccording to Rollins, var. retrofracta has n 7 and 14, and var, 
pinetornin n nr: 14 and 21. As pointed out by Rollins, the number n — 22 
is not compatible wdth the numbers found by him, and this fact makes more 
cytogenetic work of this species necessary. 

In order to clear up some of the problems I have collected and studied 
more material of the species. This material, as Avell as that studied earlier, 
was from the Botanical Gardens in Copenhagen. The plants cultivated here 
are undoubtedly descendants of plants from West Greenland. They belong 
to Arabis Holboellii var. typica, which occui’s in Greenland and in northern 
North America. 

In the first pollen mitosis 22' clironiosomes, or perhaps more correctly 
21 + a very small extra chromosome, were counted again. But the same 
number could further he established in root- tip mitosis, in some fe^v embryo- 
sac cells, and in some cells in embryos. In the metaphases in the PMC’s a 
varying number of bivalents, tidvalents, and nnivalents are present. In several 
cases, however, complete asynapsis oecurred. In most pollen-sacs both meiotic 
divisions were omitted. The PMC’s form a kind of restitution nucleus with 
21 + 1 chromosomes. Thus, the pollen-grains with 21 + 1 chromosomes are 
monade-pollen and originate from unreduced nuclei containing the somatic 
chromosome number. In some of the pollen-sacs studied, how^ever, dyads are 
also produced, resulting in smaller pollen-grains which frequently degenerate. 

The material strongly supports the idea that Arabis Holboellii var. typica 
is a triploid type containing an extra chromosome of small size. Furthermore, 
apomixLs is very probable. Some castration experiments shoAV that pollination 
is necessary for seed production. Hence the plant may be pseudogamic. 

A more detailed paper on the subject is planned and may appear when 
studies on some new^ material collected in 1946 in different localities in West 
Greenland have been completed. 

IMunl-Analomical Institute, University of Copenhagen, March, 1947. 
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Akk Gustafsson : T h e advantageous effect of deleterious 
m 11 t a t i o 11 s. 

Lethal mutations are common in cross-fertilizing populations of plants 
and animals. Owing to their reces.sive character they do not immediately show 
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up in nature, but they readily become unmasked in laboratory experiments. 
Often such mutations consist of short deficiencies, inactivating or destroying 
part of the chromosome substance. They are generally regarded as loss mu- 
tations, draw-backs in evolution, having no positive value whatever. 

In 1946 the author argued that this latter conclusion did not fit the facts. 
On the contrary, many lethals increase the individual viability and plasticity in 
heterozygous condition, although they destroy the organism in homozygous 
state. Lcdhal genes ai^e not merely negative; some of them act as valuable tools 
ill the dynamics of the species. 

Exact model experiments are difficult to carry through in cross-fertilizing 
organisms, even in Drosophila. They require homozygosity of most or all genes, 
except the deleterious one. Viability and competivity must be precisely and 
adequately measured. Fertilization by controlled gametes ought to take place. 
An agricultural plant like barley immediately fulfils these requirements. In the 
pure line Golden barley, isolated in 1897, several spontaneous chlorophyll 
nuitatioiis have been obtained. Two of them, alhina 7 and xantha 8, have been 
repeatedly used in experiments (Gustafsson, 1946). The monohybrkls of these 
lethals show a distinct superiority to their normal sister plants, although the 
difference.s require a large material in order to be definitely proved. An obvious 
feature is, however, their longer preservation of seed gerinhiation. 

vSome years ago these two mutations were combined to form a dihybricl. 
They segregate independently of each other. No hybrid sterility is present. 
All plants of a large dihybrid offspring were analysed in 1946 — 1947 with 
regard to the number of spikes per plant, number of kernels per plant and 
kernel weight per plant, Afterwards the genotype was determined for every 
plant in the offspring. The results are shown in Table 1. 

Previous analyses of monohybrid offsprings indicated a perspicuous 
though small heterosis effect. This becomes strikingly increased in the di- 
hybrid condition. The two deleterious mutations add their effects. Spike 


TABLE 1. The increased viability of chlorophijll het era zygotes in a diliybrid 

offspring. 



No, of spikes 
per plant 

Prop. 

No. of kernels 
per plant 

Prop. 

Kernel weight 
per plant 
(gram) 

Prop. 

Dihybrid 
(AaJ5&) ...... 

5,47 ± 0,17 

1,10 

114,16 A: 3,82 

1,1H 

4,6i ± 0,I(! 

l,ir, 

A7-monohy- 
hrid (AaBB) 

■ 5,05 

1,10 

104,70 

1,08 


1,06 

X3-m on 0 hy- 
brid (AABb) 

4,88 

1,07 

104,66 

1,08 

4,20 ' 

1,06 

Normal type 
(AABB) 

4,58 ih 0,22 

1 

96,62 zb 4,91 

1 

3,95 dz 0,23 

1 

Diff. dihy- 
hrid/normal 
type 

P O,001 


1 0,oi>>P>‘ 0,001 


0,05 > P > 0,02 





ABSTRACTS — KURZE MITTEILUNGEN 


575 


number is heightened by 19 %, kernel number by 18 % and kernel weight — ^ 
the property of special agricultural value — by 15 %. The differences between 
dihybrid and normal type (Golden barley) are statistically significant. The 
increase in total kernel weight becomes even more remarkable, taking into 
account that 38 % of the seeds of the dihybrid plants are recessive for one 
of the mutations and 6 % for both of them. 

Jones (1945) published important data on monohybrid heterosis in inbred 
lines of maize. These lines have no immediate value as yield varieties. Golden 
barley, on the other hand, was for several years the best two-row barley in 
North Europe and is still locally cultivated. All the best Scandinavian cross 
varieties (Kenia, Maja, Balder, Ymer) are partially built up on its genotype^ 
After thirty years of continuous work the barley yield has beexr increased by 
about thirteen or fourteen per cent above the level of Golden barley. What such 
prominent plant-breeders as Hans Tedin, Vestergaard, Nilsson-Ehle did 
not fully accomplish — the fifteen per cent increase — , is here in principle 
achieved by two deleterious mutations. 

A further analysis shows that dihybrids and monohybrids are specially 
apt to profit by favourable environmental conditions. More readily than their 
normal sister plants they produce a high spike and kernel number, as well as 
a high kernel weight. They increase the range of variation, augment the 
plasticity (Table 2). Also here the monohybrids lie midway between the di- 
hybrid and the normal state. 


TABLE 2. The increased variation in positive direction of dihybrid and 
monoliybrid chlorophyll mutations. 



No of spikes 
per plant 

No, of kernels 
per plant 

Kernel weight 
per plant 
(gram) 

No. of 
plants: 


>7 >8 >9 

of all plants 

>180 >210 >240 
% of all plants 

>7 >9 >11 

% of all plants 


Dihvbrid 

17, G 

13,3 8,2 

12,0 

6,9 3,9 

1 3,3 5 ,G 1 ,3 

2331 

Monohybrids 
(average) ... 

11,3 

6,0 3,5 

7,0 

2,5 2,1 

10,2 3,2 0,4 

284 ^ 

Normal type 

8,6 

2,r. 0,0 

6,2 

2,5 0,0 

8,0 2,5 0,0 

81 : 


In consequence, a genotype with half its offspring having lethal character 
can be conspicuously superior to its normal relatives. And — the fundamental 
fact — this superiority is effected by the deleterious mutations themselves;. 
This advantageous effect probably holds true of numerous lethals in natural 
populations of plRiits and animals, man hot to be forgotten. 

Sval5f, Institute of Genetics. April, 1947. ■ 
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